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PREFACE 


The purpose of a Field Engineering Maintenance Manual (FEMM) is to provide, under one cover, 
Development Engineering-produced documentation which is relevant to the maintenance of Xerox 
Computer equipment. ! 


ENGINEERING SUPPORT INDEX (ESI) 


The Engineering Support Index is a table of contents indicating the drawings contained in this 
manual and reflects the revision level of each individual drawing to the Top Assembly drawing. 


UPDATING 


When Engineering Orders (EO) to Top Assemblies are released, documentation is updated and dis- 
tributed to appropriate installations by Xerox Computer Field Engineering through the method of 
Field Modification Kits (FMK's). If Xerox is responsible for maintaining the affected equipment, 
the EO and the documentation Update Package is sent to the appropriate customer Service District 
office. The Customer Engineer is then responsible for prompt EO installation and manual updating. 
If the Xerox customer is responsible for equipment maintenance, a notification of the EO and the 
documentation Update Package is sent to the customer address that the customer has provided. 


The Update Package typically includes a revised title page, revised Engineering Support Index 
page, and all pages that have been revised. | 


CHANGES 


Changes to a FEMM drawing can only be brought about by the submission of a Drawing Change 
Request (DCR). To effect a drawing change, field personnel must submit a Technical Action 
Request (TAR). A DCR may then be submitted by Maintenance Engineering after the TAR is 
reviewed. Customers who wish to notify Xerox of any discrepancies within the FEMM may 
submit their comments on the Reader Survey sheet in the back of the manual and forward it to 
Xerox Computer Field Engineering Publications. 


903059 


ENGINEERING SUPPORT INDEX 
____7250A01_ ss TOP ASSEMBLY ___202624 Ss LEVEL 
CARTRIDGE DISK CONTROLLER 


Drawing No. Level i , Pages — 
THEORY OF OPERATIONS 


104262 A 1 thru 90 


Theory of Operations, Cartridge Disk Controller 
FIELD MAINTENANCE PROCEDURES 
Maintenance Procedures 


ENGINEERING TECHNICAL INFORMATION 


204260 
204493 
204492 
203146 


203329 
204349 


137533 
183293 
202624 
202626 
137529 
139222 
203183 
202829 
203126 
204497 


203116 


203117 
203123 
203888 


203702 
137113 


203777 


203825 
204486 


204487 
204488 
204731 


A 


A 
A 
B 
A 
B 
F 
A 
A 
B 
M 
K 
D 
D 
B 
A 
A 
A 
B 
B 
B 
U 
D 
D 
A 
B 
A 
B 


Cartridge Disk Functional Diagram 

Assembly, Module Kit and Location Chart 

Diagram, Logic—Cartridge Disk Controller 

Module Location Chart, Multiple Drive 
Selection Unit 

Diagram, Logic-Multiple Drive Selection Unit 

Diagram, Power Cabling, Cartridge Disk 
Subsystem 

Schematic Diagram, Distribution Panel 

Chart, Phase Sequence 

Assembly, Cartridge Disk Subsystem 

Assembly, Cabinet—Cartridge Disk Subsystem 

Assembly, Distribution Panel 

Assembly, Filter—Power 


. Assembly, Controller—Cartridge Disk Drive 


Assembly, Harness—Cartridge Disk Subsystem 

Assembly, Multiple Drive Selection Unit 

Assembly, Maintenance Panel— Controller 

Assembly, Panel, Push-On 

Assembly, Panel, Push-On 

Assembly, Kit—Cartridge Disk Subsystem 

Assembly, Kit, Conversion Full to Half 
Capacity Cartridge Disk Drive 

Assembly, Kit-Cartridge Disk Subsystem 

Integration Drawing, Sigma I/O Interface 
Subsystem 

Installation Drawing, Cartridge Disk 
and Controller 

Installation Drawing, Cartridge Disk 

Configuration Control List—Cartridge Disk 
Subsystem 

Configuration Control! List—Cartridge 
Disk Drive 

Configuration Control List—Cartridge 
Disk Drive 

Module—Sr, Modification 


ouk 


cok 


mb 


903059 


ENGINEERING SUPPORT INDEX (Cont.) 
MODEL __7250A01_ TOP ASSEMBLY ___202624 LEVEL A 


NAME CARTRIDGE DISK C ONTROLLER 


Drawing No. Level Pages 
DESIGN AUTOMATION DATA | 


204432-001 B Logic Dictionary 1 thru 179 
204432-100 B Logic Equations lthru 41 
204431-001 Pin List 1 thru 124 
204431-903 Pin index 1thru 95 
201823-100 Logic Dictionary 1thru 12 
201823-001 Pin List 1thru 44 
201822-001 Pin List 1 thru 31 
201822-901 Pin Index 1thru 31 


903059 


RELATED PUBLICATIONS 


The following Xerox publications contain information not included within this manual. These 
publications must be available as part of Site Documentation in order for the user of this manual to 


learn, install, operate, and maintain the equipment. 
Publication Title 
Cartridge Disk Reference Manual _ 
Cartridge Disk Drive Maintenance Manual Modes 7251/7252 
Sigma 2/3 Diagnostic Program Monitor Manual 
Sigma 2/3 Comprehensive RAD Diagnostic Manual 


Sigma 5/7 Diagnostic Program Monitor Manual 


Sigma 5/7 Comprehensive RAD Diagnostic Manual 


Document No. 


. 903024 


903042 
901650 
901721 
901649 


901678 


eee 
tee 


903059 


SECTION I 


THEORY OF OPERATIONS 


204262 [A 
a 
MANUFACTURING RELEASE, NOE.O. cere fpr Yim 


le 


THIS DOCUMENT CONSISTS OF 90 SHEETS. 


Dist Code 456 


These drawings and specifica- | Notes Unless Specified |Orawn AATSC Xerox Corporation 
tions, and the data contained XEROX 
| 


therein, are the exclusive prop- Check Be ag E! Segundo, California 
erty of Xerox Corporation and/or | 1. folerances Mw LP-OCL . Title 
Rank Xerox, Ltd. issued in strict KX +.03 Angular 

confidence and shall not, without «XXX 2.010 2"? Aor. S MAne SS 
the prior written permission of 


(- 3007 ) 
Xerox Corporation or Rank Xerox, . Break All Sharp Edges THEORY OF OPERATION ’ 
Ltd., be reproduced, copied or O10 Approx. 
Detdilecceny cu posa ea ec avee, anes CARTRIDGE DISK CONTROLLER 
@acept the manufacture of articles | ~ Mach. Surfaces : ; 
: a Corparetion: Gr Ratk . All Dim. in inches 
del No. Code Ident. ~ 1 Change 
Letter 
| 204262 A 


| 


fustuse 7980 18338 


Next Assy. 
202624 Do Not Scale Drawing Sheet ] 


First Use 


‘TABLE OF CONTENTS 


Section ’ Title ax5 ae 


1.0 INTRODUCTION 


1-1 Purpose °° e e« «© #® © © e# © © © @ @ © #8 @# @ fe a me e 
1-2 Scope hie Meh Ses JS ae. ae, CRS eee eR te Ta ie. Es ws Sa re ws Ge Sd Yee S. 


ono 


2.0 EQUIPMENT PHYSICAL DESCRIPTION 


2-1 General . . .. mcg’ Be es tee Ua Rr a Sars soe aN hes ee yet ee ee See Ve eet a 6 

2-2 Controls and Indicators . e e ry e e e s e e oe e@ @ e e eo» s e 6 

2-3 Subcontroiler Switches: <<<. % 6: & ase Sw Se a we 6 

2-4 - Maintenance Panel : fare Wa. ar cole) -fehn@. Mac RECS, Whe ee al Mes, ae ee 6 | 

: 2-5 Selection Unit: - s-=c. 2-6. Sar 1 Wire eee OR aS we ee Bese ae Ce 

2-6 Power Requirements ..... -« gee Were oS: ee. See et a es ee ee SO 

3.0 GENERAL FUNCTIONAL DESCRIPTION 

31 General eo e«© ee © e© #© @ °°. 28 «© # e@e © © © © @© © @© @ @ a e 2 8 e ee @ 

3-2 {/O Communication . . 2. 1 2 ee we tw we Bi te wah oe oan eS, Wey va etek HO 

3-3 Data Transfer and Storage ...... gh tat WG, RA Re Yer 4a i Ge eh ee et ste 

3-4 Controller . . . Seca he nA ae ae Qh coiee Mee es ae i ee Toh Be ee ee. en ee 

3-5 FORA HEES one Bees eo ee ne es re 

3-6 AIC Command 3s..5 <5 Bes es ee ee ee ee Se ES 

3-7 HiO Command ......e-s Ti oboe a> Es He ie OR se a te a 

38 TDV Command ... we Bes ep Gai es, ebe~ en Fe ee ee ee Se, Cee ah ose ws 

39 EVO -GOMMain: a> "sat os Ren WE ek RS Ge Se = 2. Sp SS Ss Jee ee ol SY eX 

3-10 SIO Command) |g area. 5 i 05 Se eS RS Ge Wee ee GS He Se ws 

3-11 internal Operations. « 8. si we 66 SOS we we ee ee ee 

3-12 Read ..... alte, cle ae Ss See abs Ow ENS ee ee cee: de a 

3-13 Write or Checkwrite eit lek ca ids Marte SS Fee ee Wah a ae are) Ges aes be 

3-14 SOG? 52 SS ser, Se ee ee MS, a eS cas i ee “Ee a eee cs Se Me a 

3-15 SONSQ:  & a) We. Ge se ee ee e eers Doc sleig tee GP veo Seb oS) JB ere ee ee 

316 Test e e ry e e*e e ry e o e r) e e ° es s e e e e 

3-17 Multiple Drive Selection Unit... . . betes Gide 2h Settee senses ee ee Gb oe 

3-18 Disk Drive Selection . . ... . iil Neh “ek CSSA, Ube) ee TG: eas icain rat Ges ee -ae Se 

3-19 Seek Operation . . 2. 1. 2 «© 2 @ @ Pas LA say Se Te Se, We ee Se 

3-20 Data ERGOGING:” Gece) a Soee at ee ko le oo er ee Se CR WSS ae ere 

3-21 Data Decoding: <b): 4. es Gee se a ase SS ee es oe ere es es a 

3-22 Disk lnitialiZing:. . > sec /cer ke ei aie, be a Rt es sie ee ig ee ea a er ee 

4.0 DETAILED FUNCTIONAL DESCRIPTION 
! 

4-1 Scope and Organization: -\ 6.4 6% eB eee ew ww Ow eS Ow SSS 
ee 42 Subcontroller . . . . 2. 2. 2. 2 e aloe ea. Slay cal a pear ee wwe: age dee SS 
ne 4-3 Function Stroke and Function Indicators =... 2... 1 ee. 36 
BES Cy, 44 IOP Data Line Signals i - 3 oe ae ea Wa a wae Se ew ew SE 
5£9 o< 45 PriOQrity SIGNalS.. ia. ia “ae te~ vs ae OW Sol SL a he ea eee a tee a ae. BT 
2 >3 ry} 4-6 Subcontroller Response 62S, eet 28 ve Ne es en a ee ee OO 
See AJ 47 _ IDV Function ladicator: 4 io 6-6 2.6. «48 ew aun we we Ee 38 
635 C) 4-8 TIO Function Indicator ......-. ete: a acd ata. en ety 38 
so pe 49 HIO Function Indicator . . 2. 2. 6 6 6 «© se we ew we ew we ww 39 
Se 4-10 SIO Function Indicator Sid, oR? len eB oe, Sh gee Wy We paet tee ae at a 39 
& B | 
These drawings and specifications, and the data con- litte r : ee, 
pine vo dig eesermee Party. gi sarey | THEORY OF OPERATION | ‘Ersegunde.calioma METS 
confidence and shall not, without the erior written CARTRIDGE DISK - 
pismsion of Xerox Cornoration or Rank Xerox. | CONTROLLER A 
whatsoever, except the manufactura of articles for - 

Xerox Corporation or Rank Xerox, Utd. Shoet 2 of mie 


1586(3/73) A 


TABLE OF CONTENTS (Cont) 


Tithe 


Se 
favcuge Grawings and specifications, and the data con- 


Seed therein, are the exclusive property of Xerox 
Corporation and/or Rank Xerox, Ltd. issued in strict THEORY OF OPERATION 
confidence and shall not, without the prior written CARTRIDGE DISK 


ee of Xerox Corporation or Rank Xerox, 
td., be reproduced, copied or used for any purpose 
whatsoever, except the manufacture of articles for 
Xerox Corporation or Rank Xerox, Ltd. 


CONTROLLER 


_Xerox Corporation 
~ El Segundo, California 


4-11 AlO Function Indicator ..... eG: Be en we dy ee ee Ee 
4-12 ASC Function Indicator ..... tg at cdo Te he, Bi ae Ao eo AL 
4-13 Phase Control Circuits ...... Sh) 8 es ae Vie cee et tee. ay Boe 
4-14 1/O Phase Delay Line . 2. 1. 1. 1 «0 2 oe © © ee we te tw ew 
4-15 Phase Flip-Flops ......4.. Sutin ao ear Gem Sere, cae Ses se cren eve 
4-16 Response to 1/O Instructions... . 2. 1 2. ew a ae or ae ae 
4-17 ASC Function . ....-e.-e he SSS: ewer ies an View Sar cee Sg ta A 
4-18 OrderOut - 5. 08 ene ee es we. ep ee Se i586 a a ee eee area 
4-19 Order-in ..... ge ee ae RY cae Ss Ne cet: AG a a a ee 
4-20 DataOut ...... a abe Side goa US. Ue Tae oP tae ey im eid 4 
4-21 Data Sats nS! ee Awe ee te ee es a GS See, ES oo gi oe 
4-22 Terminal Order e626 eo vee ee ce ee) ee we Zo Ge aw 
4-23 Command Chaining ......-. Sr wai as whe? Uae et. Me 4G ‘ts 
4-24 TestMode ......s.2-e be se WS erat Sat CAR sige So ge: AR ee a * 
4-25 Order Register . . . . 2 «© » «@ « eR, ten ee WS ik Be ee ee ee 
4-26 Extended Interface . . 2. 1. 2. 2 1 ew ew ew we ww oa ae Sah ate 
4-27 Interface Width Control .. 1... ew 2 Ag, Cas Wa ei a eee: wa, ae Ga 
4-28 Byte Presence Indicators . . 1... 2. 2. 2 we we we ww or oe ae ae ee 
4-29 Maintenance Provisons ...... ae ee ee ae ee Sc aa cle 
4-30 Parity Check . 2. 2-5 2 « 2 2 so a oe ee ae ee ae dee BAe 
4-31 16-Byte Buffer ...... St 0, 2 Ra” BAO ae SS ac eae COE Se 
4-32 C-Register . . . 2... « «© «© « Se So ei eee edd Ges ek a ee 
4-33 J-Register . . 2. 2 2 ee @ « oo as ie? Ge <a> Oh a -@ Wehr eet oe. Cae, oe 
4-34 K-Register . . 2... 2 2 ee ee >> Ge, Dah leer Se te je. Sas 
4-35 Fast Access Memory (FAM) . . . 2... 2 2 we we ew ee ee tw we we 
4-36 Buffer Address Register and Counters . . . 1. 1. 5 2 2 ee we ww 
4-37 Buffer Byte Counter . .... Sd Be BeOS ete tae a ce ; 
4-38 Buffer Timing and Control... 1. 1 2 ee ew ew ew we te we ‘ 
4-39 R:SWRITE ......6-. Deak 6 SO eee Ss Se, ee ee sl ee 
4-40 RiSREAD: i. ss. & ©, 4s Boe ese ah iarcedene oes ae oe ee ae 
4-41 Service Call Locic . . ... Sn Sera oa? dak. ee ay OD ee or, fe ee ce 
4-42 Interrupt Call Logic . . .... Bi cigs tees Cale, oes Gay. se ee. TS tas Re ee oy 
4-43 Data OperationsEnd ..... Be e2-5GS E> als Say A 
4-44 Device Interface Control Logic . ..... 6h Wis Me DAP or. ae we A 
4-45 Interface Clock Logic ..... ie as We a HK ge as ar ee By Se 
4-46 Seek/Sense Byte Counter . .... SIGE aise Si ads lat new eP Woe -o. 26 
4-47 Bit and ByteCounter ..... ee ee ae ae ae ae ee ee ee 
448 D-Register ......6-. Bei ene eee kee am, Sey es fee, ebaee eee 
4-49 Parity Register . 2. 1. 1 1 6 ew ow ee a ae ae eee ee ee ee 
4-50 Sector Register/Counter . . . 2. 2 ee te ew tw we we tt ww 
4-51 Track Register/Counter . oe Be RE SOR ee eee S. pein cee vaste ge 
4-52 Storage Unit Address Register Loupe He ee gf Ga ub~ far Acclen Me Sh ese 
4-53 Error Circuits . . . . 2. 2 2 a ee ee ee a ee oe ee 
4-54 Sector Unavailable Logic . .... ye GS! See ee Sw, S Boars 
4-55 Rate ErrorLogic ....... BS te at ee Sic ee ae a GR a? ca ao 
4-56 Checkwrite Error Logic . ... 2. « « © we we Sa ay ee ee 
4-57 Parity Error Logic ar Bigs dab ghenate Gut) ab oat Sak” ea) -ain cM ee ay See; oe 
4-58 Parity Transmission Error Logic ay he Ck: vasa Gi a> See We ae DR es 
4-59 Preamble Sync Pattern Missed Logic ee ee ee ee ee ae ae 
460 Transmission Error Logic . .... ae Hee FO. b. eirl Gece 
4-61 Write Protect Violate Logic . . . 2. 2. 1 6 ee we ew ew ew we we ew 
4-62 Unusual End Logic ....... SP ier Gos an “ig i CEN ne ES be: (SE ae SS 
4-63 Incorrect Length Logic . .... ae ae ae ae ee Wes 8 
4-64 Device Interface Signals... 1 1 «© ew we ew ew ew we te tw ew we 


XEROX | 


TABLE OF CONTENTS (Cont) 


4-65 Off-Line Operation . . .... 2. « © eee ee ee ee eee ee a 2 if 
4-66 On-Line/Off-Line Control Srey Gi: Be er se) ee ee Des ascese., CEE 
467 Maintenance Panel Operations ......4.. a Nar cas Sept les 1k ee xe iw — 18 
468 Multiple Drive Selection Unit . . . 2... 5 2 0 ee we ew ew ew ew ew @)= 6788 
469 Unit Selection. so 6. S- Bii Wis Bi A ae ee cas. ee, et HE SS. SS ee 78 
4-70 Track Addressing . . 2. 1. 2 6 ee we ew we ew Fk ge eS ey 
471 Sector Mark . . . 2. 2. 6 2 « Seige es ae ee ake ae Be 80 
4-72 Read Decoding ..... Syne i x: Se Ry ee a ade et SPS ee See a. ON 
4-73 Write Encoding . .....e-. bee il Ri, Van Sep WES ekg aS i he? wel wy Dera. 
4-74 Seek Operation . . . 1. 2. 2 2 2 «© Be ae ay oh A aah. Wee ee 84 
4-75 Psuedo-Sector Counter . 2. 2. 2 6 0 © e © 0 ts ee we te we ww tw wt) (8G 
4-76 Write Cylinder Address . 2. 2 1. 1 1 ew ee we we ew ee ee ew ew ew ew) 8G 
477 Read Cylinder Address . ... . bt cae ter San ele lara al es ar et en Be SP a OE 
478 Stats:and Error-Circuits- 4. 6.96 “6.4. ce es ee eR we OSS 87 
479 Sector Formatand Timing ......2. 26 «© ©» © © we we we ew we ew eo w~)6 88 


LIST OF ILLUSTRATIONS 
Figure Title 
2-1 Cross Sectional View of Controller Cabinet . . . 2. 1 2 ee ew ew ew ew ww © 
2-2 Address SwitGhes:. 2. 36.000 ie. <a) e: cee We we i ee ew eB 
2-3 Maintenance Panel .... 2. 2. « ee o> cee as a igs ae ie ee We. a AR. Bie oben Se 9 
2-4 Indicator Lamp Card-01A Cte ee el BS lee TS Ba Sede 1 a ee ae Ew, a 
2-5 Switch: Card-O2A a: (3. ee en eo es Se a we beg. a a, a eee Ss a eae. 
31 Cartridge Disk System, Block Diagram es Cente, aes a: a ee Se SS ate- ew ee. “AS 
3-2 Cartridge Disk File, Data Organization . ..... Ge de eee a eee We eae ee 
3-3 Read Order Data Path, Block Diagram ......4.-. a ee eee ee ee 23 
3-4 Write Order or Checkwrite Order Data Path, Block Diagram ......2.2.2.2. «276 
3-5 Seek Order Data Path, Block Diagram ..... seri Sel Ee ah a ee wee, ON 
3-6 Sense Order Data Path, Block Diagram . ... .. 6 So ne. ee ese al a ee. 230 
4-1 Subcontroller Timing Generator . 2. 2. 2. 2 6 2 © 0 ee ew we we ek 42 
4-2 Order-Out Phase Sequence ... . 2 2. «© « « gee ei a a awa oe Bee alk «(VAS 
4-3 Order-In Phase Sequence ..... «2. «2s « ee eke ee ee ; 47 
4-4 Data-Out Phase Sequence . . . 2. 2 « 2» © «© » i Se: Sg Bit Ce el ad Se ee ee ves 48 
45 Data-In Phase Sequence . ... . +2 2. «© « « ‘lets: Se Ma ae wh Ce es ar ae 50 
4-6 Buffer Timing Diagram . . . . 1. 2. 2 «ww Ooh. Seat ec ta ee el ae a ees oh. “29 
4-7 Buffer Delay ewe en te VER ee iA fie Fir ee se ig aa eS ee tak Se 61 
4-38 Preamble Fiming.. 2. «6 4 2 6 Soe 6d we ee ww er a Be ae ee 8 oe a an & 369 
4-9 Read Tinting 2. 2. as 5. 3S. ee a eh ee es cs oe ee eas eo. 382 
4-10 Write Timing Be gh wigs eat Gee ag ele? SB Sia og fey cdae Ha? ar Das ey See ae, fan Ae ee » 
4-11 Cylinder Verification Timing» Set ae Oe oe ee eR ee Oe ee ae ae ae ee 
4-12 Sector Piming: axes wc-'ae cos Ge Sc Se Re ee a hs ol Sk gn SO a ee ce ~ ee. 89 
LIST OF TABLES 
Table Title 2% Sheet 
Se ee ee et Bee eS ee aa eerie oe 
3-2 Service Cycle Operations ©. 1 6 1 ee ee ewe ee ee ee ay er |e) eo 
4-1 Information in Function Response Signals for TIO, HIO, or SiO 
Command’. 25.4.0 &- see ecw i “Be SS hes A rca Ay ee ee we ee ee 


4-2 Subcontroller Phases a a ae ae ee ee 2. sgicsgrew: xe 


Title 
THEORY OF OPERATION 
CARTRIDGE DISK © 

CONTROLLER 


These drawings and specifications, and the data con- 
tained therein, are the exclusive property of Xerox 
Corporation and/or Rank Xerox, Ltd. tssued in strict 
contidence and shail not, without the prior written 

cmission of Xerox Corporation or Rank Xerox, 

td., be reproduced, copied or used for any purpose 
whatsoever, except the manufacture of orticles for 
Xorox Corporation or Rank Xerox, Ltd. 


Xerox Corporation 
El Segundo, California 


1586(3/73) 


SECTION 1.O 


INTRODUCTION 


1-1 PURPOSE 


This document provides a theory of operation for 7250 Cartridge Disk Controller (with Multiple Drive 
Selection Unit) for use by Xerox customer engineers and customer personnel responsible for installation 
operation, and maintenance of the cartridge disk system. The material is intended for use in conjunction 
with the block, functional, and logic diagrams, as well as schematics, phase sequence charts, flow 
diagrams, and timing diagrams contained in the Engineering Technical Information, section II! of the 
Field Engineering Maintenance Manual. 


1-2 SCOPE 


This document describes the operation of the controller and the multiple drive selection unit. It is 
divided into three major parts, as follows: 


a. Equipment physical description, section 2 . O 
b. General functional description, section 3. O 
c. Detailed functional description, section 4 .O 
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SECTION 2 .O 


EQUIPMENT PHYSICAL DESCRIPTION 
2-1 GENERAL 


A cross-sectional view of the 7250 Cartridge Disk Controller equipment cabinet (figure 2-1) shows the 
locations of the controller and the multir!2 drive selection unit. The controller is a three-chassis logic 
unit, mounted in a swing frame assembly. Mounted on the swing frame assembly is a maintenance panel, 
which contains switches, lamps, and a test point that allows the controller to be operated offline from 
the system. 


The multiple drive selection unit is a one-chassis logic unit mounted in a swing frame assembly beneath 
the power distribution pane! at the front of the cabinet. Switches and lamps for the selection unit are 
located on two modules in the logic chassis. 


22 CONTROLS AND INDICATORS > 


2-3 SUBCONTROLLER SWITCHES é 


Switches are located on three modules in the subcontroller and perform the following functions: 


a.  On-Line/Off-line Switch — This switch is located on the LT94 module in position 23c. 
The storage unit is off-line when the switch is down. With the switch down, the storage 
unit is under contrc! of the MAINT/MONITOR switch on the maintenance panel. | 

b. Test Mode Switch — This switch is located on the LT95 module in position 22c and 
controls the subcontroller test module. The subcontroller is in the test mode with the 
switch down, and in the norma! mode with the switch up. 


c. Address Switches — These switches are located on the LT26 module in position 24c and 
are used to define the address of the controller in the computer system. Figure 2-2 
illustrates the LT26 module and gives the relationship between the switches and the 
device address. 


2-4 MAINTENANCE PANEL , a ® 


The maintenance panel, mounted on the swing frame, provides a means of exercising a Cartridge Disk 
Drive file in an off-line mode, and of monitoring the operation of the Cartridge Disk Drive either while 
online or offline. The maintenance panel is intended for use by service personnel only, and is not 
required for normal operation of the Cartridge Disk Drive. The following controls and indicators are 


provided (see figure 2-3). : 
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| Figure 2-3. Maintenance Panel 
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‘unit. In MONITOR position, the 12 indicators provide a means of monitoring 


MAINT/MONITOR Switch — Master Maintenance/Monitor Switch. In MAINT position, 
the maintenance panel provides signals necessary to record and read from the storage 


{OP/controller operations. In MAINT position, controller will report not operational in 
response to a TDV instruction. 


RESET Pushbutton — Provides a master reset signal to the controller. 
SIO Switch — Function indicator. 


HIO Switch — Function indicator. 


FS Pushbutton — Function strobe signal. FS is used in conjunction with the SIO or HIO 
switch to initiate controller action. 


UNIT ADD Switches — Unit address switches. Three switches used to select one of the 
eight storage units. 


ORDER Switches — Switches which select the order to be executed. Write, Read... 
Checkwrite, Seek, Sense, or Testmode. & 


DATA/TRACK Switches — Eight switches which simulate eight bits of data or, during a 
Seek operation, select the track address desired. . 


IND Switch — Selects one of two sets of functions to be displayed on the indicators. 


SGL TRK Switch — Provides a method for inhibiting the track register from 
incrementing, thus allowing any one track to be exercised. In the OFF position, the track 
register will continuously increment from track 0 to the highest track available. 


REPEAT Switch — Allows continuous operation on one or all tracks as defined by the 
single track switch. In the off position, only one operation will be completed. 


ERROR STOP Switch — The error stop switch halts the operation currently being | 
executed upon receipt of a transmission error (parity error, checkwrite error, or sync ‘aod 
pattern missed). The failing track is displayed and the sector counter is incremented by 

one from the failing sector. _ 


SGL_ PHASE Switch — Used in conjunction with the phase step pushbutton to progress 
through an operation one phase at a time. 


PHASE STEP Pushbutton — Single-phase clock. Describable under single-phase switch. 
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IND (left) Lamp 


PHFS 

PHFSZ 

PHFSL 

PHRS 

PHRSA 

PHTO 

READ 

WRITE 

CHW (Checkwrite) 
SKS (Seek or Sense) 10 
PER (Parity Error) 11 
PSPM (Preamble Sync Pattern Missed) 12 
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2-5 SELECTION UNIT 


IND (right) 


TRACK 8 
TRACK 7 
TRACK 6 
TRACK 5 
TRACK 4 
TRACK 3 
TRACK 2 
TRACK 1 
TRACK 0 


DVO (Device Operational) 


UNE (Unusual End) 


LATCH 


Indicators and switches for the selection unit are mounted on two modules located at O1A and 02A. These 


modules are shown in figures 2-4 and 2-5, respectively. 


Indicators: 


UNIT 1- Unit 1 is being addressed or nas had an error. 
UNIT 2 - Unit 2 is being addressed or has had an error. 
UNIT 3 - Unit 3 is being addressed or has had an error. 
UNIT 4 - Unit 4 is being addressed or has had an error. 


CARTRIDGE - Cartridge disk is being addressed; an even-numbered device address received from 


controller. 


FIXED - Fixed disk is being addressed; an odd-numbered device address received from controller. 


UPPER HEAD - Upper read/write head is being addressed; an even-numbered track address received from 


controller. 


SELECTED FILE READY - Address is ready and has been selected. 


| 
| 


SELECTED FILE READY S/RWM - The selected file is ready to perform a seek, read, or write operation. 
LOGICAL ADDRESS INTERLOCK ERROR - Track address greater than 407 was received by the disk 


drive. 


SEEK INCOMPLETE ERROR - Seek operation was not completed by the disk drive. 
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Figure 2-4. Indicator Lamp Card-C1A (MDSU) 
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SELECTED FILE READY S/R/W 
LOGICAL ADDRESS INTERLOCK ERROR 
SEEK INCOMPLETE ERROR 
ADDRESS CHECK ERROR 
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Figure 2-5. Switch Card-02A (MDSU) 
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ADDRESS CHECK ERROR - Cylinder address read from the disk drive did not compare with that 
contained in track register TRK2 through TRK9Y. 


Switches: 


1- VERIFY switch placed in the one position to verify the cylinder address read from the disk file. 


2 - INITIALIZE switch placed in the one position to write cylinder addresses and sector marks on the 
disk. Normal operation and address verification requires this switch be in the zero pose | | 


3 - MANUAL RESET switch placed in the one position to reset the error and unit error flip-flops and 
extinguish the indicator lamps 

4 - Address switch for Unit 1 cartridge disk | 
5 - Address switch for Unit 1 fixed disk 

6 - Address switch for Unit 2 cartridge disk 

7 - Address switch for Unit 2 fixed disk | 

8 - Address switch for Unit 3 cartridge disk : & | 
9 - Address switch for Unit 3 fixed disk 

10 - Address switch for Unit 4 cartridge disk 


11 - Address switch for Unit 4 fixed disk 


2-6 POWER REQUIREMENTS 


Power required by the cartridge disk storage system is 120 Vac 10%, 60 Hz +1%, single-phase power, 
3-wire, 30A service. System power is supplied to the power distribution panel above the selection unit at 
the front of the controller cabinet. Power is distributed from here to the PT20 power supply within the 
controller cabinet and to the individual power supplies within each disk drive cabinet. These power 
supplies provide the drives with +24 Vdc, -24 Vdc, +5 Vdc. 
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SECTION 3 .O 
GENERAL FUNCTIONAL DESCRIPTION 


3-1 GENERAL 


The Cartridge Disk Controller Model 7250, establishes communication between the Input/Output 
Processor (IOP) and the cartridge disk storage unit. The controller receives data from the IOP on a 
parallel basis and may be one byte, two bytes, or four bytes. The data is then converted to bit serial 
format for transfer to a storage unit. Conversely, data is received from the storage unit on a bit serial 
basis and the controller converts it to a byta or bytes for parallel transfer to the IOP. 


The controller is connected to the disk drives through the multiple drive selection unit which converts 
Cartridge Disk Drive control information to disk drive information. In addition, the selection unit 
generates the RESTORE command for the disk drives. | 

The Cartridge Disk Drive Controller and Multiple Drive Selection Unit may control up to four cartridge 
disk drives, models 7251 and 7252 (see figure 3-1). Terms frequently used within the text are defined in — 
table 3-1. | 


3-2 1/0 COMMUNICATION 


The controller is capable of onerating on a 1-byte, 2- tn or 4-byte IOP interface depending on the 
option installed and incovporates the extended subccntroller in its design. To eccomplish communication 
with the !OP and storagz unit, the controll:r has four operating states: order-out, data-out, data-in, and 
order-in. These operating states are named cs viewed from the !OP. The controller also has a ready or 
standby condition during which it is not communicciing with the IOP. Thus, order-out implies that an 
order is being sent cut of the !OP to ine controtler. 


The order-out state is the state in which an oracr is transferred from the IOP to the controller. The order 
received may be 2 Read, Write, Checkwrite, Seek, Sense, or Test. 


The data-out state is the state in which data is transferred from the IOP to the controller. Data-out orders 
are Write, Checkwrite, Seek and Test. 


The data-in state is the state in which data is transferred from the controller to the {OP. Data-in orders 
are Read and Sense. 


The order-in state is the state in which the controller reports errors or other terminal conditions to the 
IOP. 


The normal quiescent state of the controller is the order-out state and the normal quiescent phase is 
PHFS. Thus, when power is first applied to the controller, it is in this state and phase. 


After an order-out is completed and a new order is in the controller order register, the controller 
advances to a data-in or data-out state as determined by the order. Upon completion of the data transfer, 
the controller advances to the order-in stata to report status of the last SperaHon. After the status has 


been reported, the controller returns to the ready state. 
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3-3 DATA TRANSFER AND STORAGE 


Data transfers with the IOP are controlled by the IOP timing while data transfers with the storage 
unit are controlled by the storage unit timing. To efficiently handle the difference in the timing, the 
controller provides temporary storage for up to 16 bytes of data. The storage is provided by a 
16-byte buffer referred to as the Fast Access Memory (FAM). 


Data is stored on the disk surface (figure 3-2) in groups of data and each group is stored in a specific 
location (see figure 3-2). Each location has a unique address and is identified by its storage unit 
address, track address, and sector address (rotational position of the recording surface). The track 
address includes the cylinder address (head position) and the head selection (upper or lower surface). 
The units, tracks and sectors are organized in the system as follows: 


Storage Unit Model 7251 Model 7252 
Storage units per system 1 to 4 1 to 4 
Disks per storage unit 1 Cartridge 1 Cartridge 

and 1 Fixed 
Tracks per disk 408 408 
Sectors per track 16 16 
Bytes per sector 360 360 
Bits per byte 8 8 
Bytes per storage unit 2.3 million 4.6 million 


Each group of data is preceded by four bytes of synchronizing preamble and followed by one byte of 
parity. Each sector is separated from the next by a gap of 356.4 microseconds. Within this gap, one 
byte of cylinder address is written when the disk pack is initialized. This address is used to verify 
cylinder address after each seek cperaticn. The tcta! gap time allows command chaining to be 
performed between reading or writing each data group. 


Table 3-1. Glossary of File Terms 


Flip-flops BOO through B12 and POST. Counts bits and bytes during 
execution of a read order, write order, or checkwrite order. 


B counter 
(Byte counter) 


CA, CB, CC and 
CD registers 
(C-register) 


Input registers which are driven by the data lines from the IOP. The 
CA register is part of the 16-byte buffer. The CB, CC and CD registers 
are part of the extended interface. 


Condition code A two-bit code transmitted from the controller which indicates to the 


{OP the status of the file. 
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Table 3-1. Glossary of File Terms (Cont.) 


Definition 


Data-in service cycle A service cycle during which data bytes are transferred from the 


controller to the IOP. 


Data-out service cycle | A service cycle during which data bytes are transferred from the lop to 
the controller. | 


D-register Flip-flops DOO through DO7. Used during execution of a write order or 
a checkwrite order to transform the data format from parallel! to serial. 
Used during execution of a read order to transform the data format 
from serial to parallel. ; 


DA, DB, DC, and Output registers which drive the data lines to the IOP. The DA register 
DD registers is part of the subcontroller. The DB, DC, and DD registers are part of 
; the extended interface. © 


end: Detsignal Signal /ED/. May be generated by either the IOP or the Cartridge Disk |~ 
Drive controller. Causes an end to data transfer for the current serv 
cycle. 


End Service signal Signal /ES/. Generated only by the IOP. Causes an end to the service 


cycle. 
Extcndad A standard set of modules which form part of the controller and 
Interface increase the data path width from one to two or four-byte paralle! 
transfars. 
FAM read cycle A cycle of operaticn of the fast access memory (FAM) circuits, during 


which a byte is transferred from the addressed location in the FAM 
module to the K-register, or to the CB, CC, or DC registers for a wide 
interface operation. 


FAM write cycle A cycle of operation of the fast access memory (FAM) circuits, during 
which a byte is transferred from the J-register to the addressed location @ 
in the FAM module. . . Pay 

Function indicator A signal that indicates the type of function (AlO, ASC, HIO, TIO, 


TDV, or SIO). 


Function Response Signals /FRO/ through /FR7/. Signals transmitted to the !OP in response 
signals to a function strobe (FS) and a function indicator signal (AIO, ASC, 
SIO, TDV, TIO, or HIQ). 


KEROK 


Xerox Corporation 


701 South Aviation Coufavare 
Vitle _Xerox Corporation KE iv 
E! Segundo, California i 


THEORY OF OPERATION 


These drawings and specifications, and the data con- 
tained: therein, are the exclusive property of Xerox 
Corporation and/or Rank Xerox, Ltd. issucd in strict 


confidence and shall not, wrthout the prior wetten 
pomsres of Xerax Corporation or Rank Xerox, CARTRIDGE DISK 
td., bo reproduced, copied or used for any purpose CONTROLLER 204262 A 
whatsoever, except the manufacture of artictes for 
Xerox Corporation or Rank Xerox, Ltd. Sreet 18 Ot 


1586(3/73) A 


Function Strobe 


IOP byte signals 


J-register 


K-register 


Order code 


Order-in service cycle 


Order-out service 
cycle 


Order register 


Phase control 
Circuits 


P-register 


Request Strobe 
Acknowledge signal 


Request Strobe 
signal 


Table 3-1. Glossary of File Terms (Cont.)} 


Signal /FS/. Generated by the IOP to indicate that a response is 
required of a controller. 


Signals /DAO/ through /DA7/, /DBO/ through /DB7/, /DCO/ through 
/DC7/, and /DDO/ through /DD7/. Transfer data between the controller 
and the IOP. Signals /DA0/ through /DA7/ are also used for exchange 
of orders, address, and status. 


Buffered latches JOO through JO7. Accepts data from the C-register or 
D-register for transfer to the FAM module, T-register and S-register. 


Buffered latches KOO through KO7. Accepts data from the FAM module 
for transfer to the DA register or D-register. During execution of a sense 
order, accepts data from the S-register and the T-register for transfer to 
the DA register. 


An eight bit code indicating the type of order to be executed by the 
controller (read, write, checkwrite, seek, sense, or test). 


A service cycle during which status information is transmitted from the 
controller to the IOP. 


A service cycle during which an order code is accepted from the IOP. 


Buffered latches ORDO through ORD?. Stores the order code (seek, 
sense, read, write, checkwrite, or test) during execution of an order. 


Flip-flops PHFS, PHFSZ, PHFSL, PHSRV and PHTO, and associated 
circuits. Establish phase of controller and respond to sonnel 
outputs and internal timing and control signals. 


Flip-flops POO through PO7. Used to generate checksum during 
execution of a read order, write order, or checkwrite order and to 
generate test data in testmode 2. 


Signal /RSA/. Generated by the IOP to indicate that a data exchange 
has taken place in response to an /RS/ signal. 


Signal /RS/. Generated within the controller to request a data transfer 
between the IOP and the controller. 
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R:K-counter 


R:L-register 


R:LR counter 


R:LW counter 


Sector address 


Service Call signal 


Service connect 


Service cycle code 


S-register (counter) 


Subcontroller 


Terminal! order 


Track address 


T-register (counter) 


Unit address 


Table 3-1. Glossary of File Terms (Cont.) 


Definition 


Flip-flops R:i<O through R:K4. Indicates the number of active bytes in 
the FAM module during execution of a read order, write order, or 
checkwrite order. -- 


Buffered latches R:LO through R:L3. Addresses the FAM module. 


Flip-flops R:LRO through R:LR3. Tracks the read addresses for the 
FAM module. The count is transferred to the R:L-register to address 
the FAM module for a write cycle. 


Flip-flops R:LWO through R:LW3. Tracks the write addresses for the 
FAM module. The count ts transferred to the R:L-register to address 
the FAM module for a read cycle. 


A four-bit code which addresses one of the 16 sectors of each track. 


Signal /SC/. Generated by the controller when service is required for 
data transfer. 


A state of the controller in which data transfcrs between the IOP and 
the controller ere enabled. SERVICON is set. 

A two-bit code indicating the type of service cycle requested by the &@ 
controller. | wis 


Flip-flops SECO through SEC3. Stores sector address. 


A standard set of modules which form part of every device controller 
and which moniter and respond to IOP signals. 


An optional byte of control information from the IOP appended to a 
service cycle, which indicates count done, interrupt, channel end, 
unusual end, or command chaining. 


An 11-bit code which addresses one of 408 tracks on the surfaces of the 
disk cartridge. (Only nine of the 11 bits are used.) 


Flip-flops TRKOVF through TRK8. Stores track address. 

A three-bit code which addresses one of the eight (maximum) storage 

units in a file. | 
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Table 3-1. Glossary of File Terms (Cont.) 


_U-register Flip-flops UO through U2. Stores the address of the storage unit. 


Wide interface The extendzd interface option. 


16-byte buffer A standard set of modules which form part of the controller and 
provides buffer storage capability. The CA register, the FAM module, 
the J-register and K-register, and associated control counters and 

registers are part of the buffer. 


3-4 CONTROLLER 


The controller for the storage unit is only one of several device controllers exchanging data with the 
computer memory through the IOP. Two techniques are used to limit communication with the IOP to 
only one controller at any time. For some [OP commands, only one controller is addressed, and only 
the addressed controller can respond. For other 1OP commands, a priority chain established by cable 
routing limits response to the highesi priority controller awaiting that command. The subcontroller 
portion of the controller (figure 3-1) monitors sinnals from the OP and determines if and how the 
controller responds to commands. The subcontroller responds to all control signals, either by pzssing 
the signals to other controllers cssociated with the computer installation or by returning signals to the 
IOP. The subcontroller controls exchange of data on the eight-bit data path. The expanded interface 
circuits provide up to 24 additional data lines when a 16-bit or 32-bit data path is used. When the 
storage unit is operating off-line, signals are reccived from the maintenance panel through the 
maintenance panel interface. Commands from the {OP cause phase control circuits of the controller to 
cycle through a definite sequence of phases. During each phase of the sequence, the phase control 
circuits respond to IOP signals, selection unit signals, and internally generated signals to determine 
when to go from one phase to another. During this sequence of phases, data is transferred between 
the selection unit and the [OP through the data buffer, the selection unit interface, and the 
subcontroller and expanded interface circuits. | 


3-5 IOP INTERFACE 


The response of the subcontro!ler to lop commands is summarized in figure 3-3. The five commands 
associated with CPU instructions are as follows: 


Mnemonic Function 
AIO Acknowledge input/output interrupt 
HiO Halt input/output operation 
TDV "Test device 
TiO Test input/output / 
S10 . Start input/output XEROX 


Xerox Corporation 


701 South Aviation Boulevard 
E! Segundo, California 90245 


8 drawings and specifications, and the data con- 
d therein, are the exclusive property of Xerox 
tporation and/or Rank Xerox, Ltd. issued tn strict 
confidence and shall not, without the prior written 
comission of Xerox Corporation or Rank Xurox, 
td., be reproduced, copied of usrd for any purpose 
whatsoever, except the manufacture of articles tor 
Xerox Corporation or Rank Xerox, Ltd. 


158u0(37 7/5) 


Title 


Xerox Corporation 
THEORY OF OPERATION Et Segundo, California 


XEROX 


CARTRIDGE DISK 
CONTROLLER | 204262 A 


Sheet 21 


Of 


UNIT 


UPPER HEAD 


CARTRIDGE 
DISK 


iis 
CARTRIDGE 


204 
TRACKS 


MODELS 7251, 7252 


—__——_ a_i a oP oa eee eee 


MODEL 7252 ONLY 


LOWER HEAD 
UPPER HEAD 


FIXED DISK 


LOWER HEAD 


16 SECTORS AROUND 
CIRCUMFERENCE 


[car [PREAwBLE| DATA 5 =r 


4 BYTES+|~——— 360 BYTES 2 
| | PARITY 1 BYTE = 
goer neisiiee POSTAMBLE 1 BYTE | : 
: CYLINDER ADDRESS 9 BITS ) 


SECTOR PULSE 


XEROX 


Xerox Corporation 
701 South Aviation Bou 
El Segundo. Cahiforni ; 


Xerox Corporation x 
E1 Segundo, California A 


204262 fie 


Figure 3-2. Cartridge Disk File, Data Organization 


Title 


THEORY OF OPERATION 
CARTRIDGE DISK 
CONTROLLER 


These drawings and specifications, and the data con- 
tained therein, are the exclusive property of Xcrox 
Co:poration and/or Rank Xerox, Ltd. issued in strict 
confidence and shall not, without the prior written 
patie of Xerox Corporation or Rank Xerox, 

td., be reproduced, copied or used for any purpose 
vAatsoever, except the manufacture of articles for 
Xerox Corporation or Rank Xorox, Ltd. 


FROM 
SELECTION 


UNIT 


Beis J 1 
REGISTER 


- 1-4 
R:Lw 4 
COUNTER 


NOTES: 


1c 


FAST 
ACCESS 
MEMORY 


8 
FWA (NOTE 4)| TC 
OR 

A\FRA (NOTE 5) 


R:L 
REGISTER 
6 


1. (OP DATA PATH MAY BE 8, 16, OR 32 BITS WIDE 
2. R:LW COUNTER, R:LR COUNTER AND R:L REGISTER CONTROL 


we 


an mf 


Figure 3-3. Read Order Data Path, Block Diagram 


ynese deawings and specifications, and the data con- 
tained therein, are the exclusive property of Xcrox 
Corporation and/or Rank Xerox, Lid. sued in strict 
confidence and shall not, without the prior written 
Peeen of Xerox Corporation or Rank Xerox, 
td., be reproduced, copied or used for any purpose 
whatsoever, except the munufacture of articles for 
Xerox Corporation or Rank Xerox, Ltd. 


ACCESS TO 16 REGISTERS IN FAST ACCESS MEMORY MODULE 
INDICATED TIMING CCNTROL SIGNALS (TC) ARE NOT IOENTICAL 
- FWA IS 4-81T FAST MEMORY WRITE ADDRESS 

- FRA IS 4-6IT FAST MEMORY READ ADORESS 


Title 


THEORY OF OPERATION 
CARTRIDGE DISK 
CONTROLLER 


“i 


REGISTER 


DA 
REGISTER 


REGISTER 


“fe 
a 


D8 
REGISTER 


Cc 
REGISTER 


b 


REGISTER 


co 


REGISTER 


oO 
o 


REGISTER 


hb 


co 


8 


TO tOP 


XEROX 


Xerox Corporatian 
701 South Aviation Boulevard 


EIS 


Xerox Corporation 
El Segundo, Calitorma 


Sheet 


23 


of 


| _aiaez 


fornia So236 


XEROX 


3-5 ( cont'd )} 


The acknowledge service call (ASC) command is generated by the IOP in response to a service call 
from the subcontrolier. 


3-6 A!O Command 


The AlO command, which is generated by the IOP when an interrupt is detected, is not addressed to 
any device or device controller. Only the highest priority device controller with an interrupt pending 
can respond to the AlO command. Any device controller that does not have an interrupt pending 
passes signals to the next device controller in the priority sequence. if the controller in the storage 
file is the highest priority device controller with an interrupt pending, it responds to the AIO 
command by transmitting its address and the contents of its device address register (U-register) to the 
iOP and by transmitting signals that indicate the cause of the interrupt. When an AIO command is 
accepted, the interrupt condition is cleared. 


3-7 H!IO Command 
The HIO command, which is addressed to a specific device controller, halts an input/output operation 


and returns the function response signals and condition code signals to the {OP. These signals indicate 
the status of the controller to the IOP and to the CPU. & 


3-8 TDV Command 


The TDV command, which is addressed to a specific device controller and device, returns function 
response signals and condition code signals to the IOP. These signals indicate any errors that occur 
during an input/output operation and the nature of the errors. 


3-9 TIO Command 


The TIO command, which is addressed to a specific device controller, returns function response 
signals and condition code signals to the |OP. These signals indicate the status of the controller to the 
{OP and to the CPU. The TIO command performs a function similar to that of the HIO command 
without causing a halt. 


3-10 SiO Command a 


The SIO command, which is addressed to a specific device controller, returns function response signals @® 
and condition code signals to the IOP. These signals indicate the status of the controller to the 1OP 
and to the CPU. In addition, the SIO command starts an input/output operation if the storage file is 
ready. The first response is to request an order-out service cycle from the IOP. During this service 
cycle, a code for one of seven orders (seek, sense, read |, read 11, write, checkwrite, or test) is stored 

in the order register of the controller. A sequence of ASC commands in response to service calls from 
the controller then causes the order to be executed. 
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311 INTERNAL OPERATIONS 
In response to an AIO, HIO, TIO, TDV, or SIO command from the IOP, the controller gathers data 
available in registers and flip-flops of the controller, or from signals available at the selection unit 
interface, and transmits the data to the IOP as function response signals or condition code signals. If 
an SIO command is accepted, the I/O operation that results depends upon the order received during 
the order-out service cycle. For each order, the IOP responds to a sequence of service calls from the 
controller by generating ASC commands. Each service call is identified by a two-bit code as requesting 
one of the four types of service cycles listed in table 3-2. 


Regardless of the order received, a specific number of bytes are exchanged as the phase control 
circuits of the subcontroller cycle through a definite sequence of phases. If a seek order is stored, 
subsequent data-out service calls cause two bytes of data to be stored in controller registers. If a sense 
order is stored, subsequent data-in service calls cause three bytes of data to be transmitted to the IOP. 
If a write order is stored, subsequent data-out service calls cause data bytes in memory to be stored in 
the disk file of the addressed storage unit. If a read order is stored, subsequent data-in service calls 
cause data from the disk file of the addressed storage unit to be stored in memory. If a checkwrite 
order is stored, data accepted from memory is compared with data read from the disk file of the 
addressed storage unit. 


Service Cycle 


Order-out 


Table 3-2. Service Cycle Operations 


Control information is transmitted from the !OP to the controller. 
First service cycle of any input/output operation. 


Order-in 


Status information is transmitted from the controller to the IOP. 
Last service cycle of any input/output operation. 


Data-out 


Data is transmitted from the computer memory through the IOP 
to a disk file. Four bytes of data are transmitted during each 
service cycie; therefore, a rapid sequence of service cycles is 
required during execution of a write order or a checkwrite order. 
For a seek order, one data-out service cycle (transferring two 
bytes) is required. 


Data is transmitted from a disk file through the IOP to the 
computer memory. Four bytes of data are transmitted during each 
service cycle; therefore, a rapid sequence of service cycles is 
required during execution of a read order. For a sense order, one 
data-in service cycle is required. 
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3-12 Read 


During a read order (figure 3-3), data is read from the storage unit and transferred to the IOP. When 
Read/Write Possible gets reset at byte 10 time, the clock (RWCK) is switched from the intern 
oscillator to the data strobe clock received from the storage unit. Data is read from the storage unit 
and shifted into the data register. When the data register contains eight bits of data, as indicated by 
BIT7RWE, the data is transferred in parallel to the J-register. This causes JFULL to be set and a FAM 
write cycle is started to store the data in FAM. 


When four bytes of data are stored in FAM, SCR is set and a service call (CSL) is sent to the IOP. On 
a 1-byte interface, data is transferred from FAM to the K-register to the data output register (DA) to 
the IOP. For the 4-byte interface, data byte 1 is transferred from FAM to the K-register, data byte 2 
from FAM to the CB register, data byte 3 from FAM to the CC register, and data byte 4 from FAM 
to the CD register. When the fourth byte is transferred to the CD register, ALLBYTES is generated 
and KFULL is set. The I/O delay line is started for PHRS and a request strobe (RS:D) is sent to the 
IOP. Sending RS:D allows the four bytes of data to be strobed into the output data registers; K to 
DA, CB to DB, CC to DC, and CD to DC. When request strobe acknowledge (RSA:R) is received, 
KFULL is reset, the registers are cleared, and data may be transferred from FAM again. Ce 


During a read operation, parity is formed on the data read from the storage unit. On the 360th byte @& 
POST state is entered and the parity formed during the read operation is compared with the parity 
actually written on the disk. If the parity bytes do not compare, the parity error a i is set. 


For read order X°12’, parity errors are not reported until the [OP has signaled count done and the 
controller has entered the order-in state. 


3-13 Write or Checkwrite 


_ For a write or checkwrite operation (figure 3-4), data is received from the !OP and stored in the 
input CA register. [f the 4-byte interface is instailed, data will also be stored in the CB, CC, and 
CD registers. Data is transferred from the CA register directly into the J-register. For a checkwrite 
operation, the inverted side of the CA register is transferred. Data in the extension registers first goes 
through byte alignment fogic and checkwrite inversion logic and then to the J-register. Byte present 
marker bits (BPB, BPC, and BPD) are set to indicate which byte is to be transferred. The marker bits gm 
strobe the data through the byte alignment logic C(BCD)O through 7, through the checkwrite 
inversion logic C(BCD)O through 7C, and into the J-register. When the first byte is stored in & 
J-register, JFULL is set and the FAM delay line is started for a FAM write Eyer: This in turn stores 
the data into FAM and resets JFULL after all the bytes have been stored. 


When data is stored in FAM, one byte is removed and stored in the K-register. This byte remains there | 
until the preamble has been written on the disk. At this time, the bit and byte counter are set to 664 and 
the contents of the K-register are transferred to the data register (DOO through DO7). When the K-register 
data is transferred, KFULL is reset, the K-register is cleared (KXO), and another byte is transferred from 


FAM to the K-register. XEROX 
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3-13 ( cont'd ) 


Data is shifted out of the data register and sent to the storage unit. As the data is shifted from the data 
register, a parity byte is generated for each sector. On the 360th byte, the parity byte is transferred to 
the data register and sent to the storage unit. 


The data path for a write and checkwrite operation is the same up to the output of the data register. 
For a write operation, the data from DO7 is shifted to the storage unit. For a checkwrite operation, 
DO7 is compared with the data returned from the storage unit. The data for a checkwrite operation 
was inverted by the checkwrite inversion logic before it was stored in FAM. Therefore, any. 
comparison of data between DAR and DO07 during a checkwrite operation is 3m error. {f an error is 
detected, the CER flip-flop is set and transmission error is reported during the order-in cycle. 


3-14 Seek 


The seek order (Figure 3-5) causes the controller to expect two bytes of data from the IOP specifying the 
track and sector addresses. If the byte count is other than two, the controller signals incorrect length 
during the order in. 


When the seek order is received from the IOP, the sector (SEC) and track (TRIX) address registers are 

set to zero. During the data-out cycle, the seek data is transferred to the J-register. The FAM delay 
line is started and data from the J-regisier is transferred to the track and sector address registers as @ 
controlled by the seek/sense byte counter (SOO and S01). If the seek data indicates a nonexistent 
address, the controller terminates the sequence wiih an unusual end and the sector unavailable (SUN) 
status bit for the TDV is set. The seek data format and tllegal addresses are shown below. 


SEEK DATA FORMAT 


Iflegal Addresses: any address containing a 1 in bits 0, or 1, or 2 of byte 1 


The track address is transmitted to the disk drive through the selection unit, following reception of a 
sector mark at any time the controller is busy, except during the data transfer of a seek order. 


3-15 ' Sense 


The sense order (figure 3-6) causes the controller to send three bytes of data to the JOP. The first 
two bytes contain the contents of the track and sector address registers and one bit defining the state 
of the write protect switch defined by that address. The third byte contains the current angular 
position of the eddressed storage unit. Response to the sense order is held up until immediately 
following a sector pulse to prevent incorrect reporting of the current angular position. The sense data 


format is shown below. XEROX 
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SENSE DATA FORMAT 


Byte 1 Byte 2 Byte 3 


}0]1234567 01234567/01234567 | 
Pit TRACK SECTOR rd SECTOR 


Not Contents of Controller Not Current 
Used Address Register Used Angular 
Position 


Write Protect Status Bit 
1= Track Write Protected 
0 = Track Not Write Protected 


3-16 Test 


When test order X‘13’ is received by the controller during the order-out operation, one byte of data is 
requested on the following data-out operation. The data byte is decoded to determine the test mode and 
the TDV status response. After terminating the data-out operation, the order received in the following 
order-out operation is modified as determined by the testmode. 


When testmode 1 is selected by data bit 7, data is transferred to or from FAM. Data is transferred to 
FAM on a write operation and from FAM on a read operation. During a write operation, service calls are 
made until the FAM contains 16 bytes as indicated by R:KO. R:SWRITE, which starts the FAM timing, 
is enabled by TM1; however, R:SREAD is inhibited during a write operation. The opposite is true for a 
read operation. 


For a read operation, R:KO is preset to indicate there are 16 bytes of data in FAM. Service calls are 
made as in a normal read operation whenever the K-register is full. 


Sector timing is inhibited at DXT time and data is not transferred to the storage unit. 


When testmode 2 is selected, more of the logic is added to the test circuitry. During a testmode 2 write 
operation, data is transferred completely through the controller to the storage unit interface. Transfers to 
the storage unit are inhibited by the term NTESTING. Parity is formed as during a normal write 
operation. The parity clock is inhibited from the time parity is transferred to the data register (DXP) 
until another operation is started (PRE). At that time the parity register stores the parity byte that was 
generated. This allows the diagnostic program to check the contents of the parity register via testmode 
TDV. For a testmode 2 read or checkwrite operation, the parity register is used as a storage unit data 
simulator. For both operations, the preamble and preamble sync pattern are transferred to the parity 
register. The preamble is shifted through PO7 and is fed into the normal data from disk path. The 
controller then recognizes the preamble sync pattern (PSPR) and performs the normal read or checkwrite 
operations. After the sync pattern is transferred, actual data is simulated by transferring the contents of 


the bit and byte counter into the parity register. This checks not only the read and checkwrite logic but 
also the bit and byte counter. 
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3-16 ( cont'd ) 


If the modifier bit (MB) is also set during a testmode 2 read order, the Sairity error flip-flop (PER) is set 
and the error reporting logic of the controller is checked. 


When the testmode selection is made, the TDV status response can also be selected. The status reponse is 
determined by fatches TDVST1, TDVST2, and TDVSTS. If none of the latches are set, the TDV status 
returned will be the normal controller status. 


TOVST1 — Selects the output of the parity register 
TDVST2 — Selects write enable as would be sent to the storage unit (WRTRWE), a signal 


indicating only the single interface is installed (NDX2+4), and track register 
bits O through 4 


TDVST3 — Selects track register bits 5 through 8 and the sector register 
Testmode and TDV status resets are accomplished by either transferring a byte of 0’s from the !OP on 
the test order data byte or by a manual reset. | ® 
3-17 MULTIPLE DRIVE SELECTION UNIT ; @ 


The multiple drive selection unit inte: faces between the controller and the cartridge disk drives. It 
converts Cartridge Disk Drive contro! information into disk drive control information. The selection unit 
has five major functions: 


a. Selects disk drive, converting device address into unit address and cartridge or fixed disk 
selection . 


b. Initiates the secl operation and verifies the seek 
c. Encodes data for the disk drive 

d. Decodes data from the dis drive 

e. Initializes the disk cartridge for use 


3-18 DISK DRIVE SELECTION ® 


The three-bit device address from the controller is capable of selecting up to eight different drives. The 
three bits are further decoded within the selection unit to select one of four disk drive units and one of 


two disks within the selected unit. Only Model 7252 has two disks, a cartridge disk and a fixed disk. 
Model 7251 hes only the cartridge disk. | 


The two most significant bits of the device address from the controller select the unit. The least 
significant bit will be true to select the fixed disk within the Model 7252 disk drive. 
; "A 
XEROX 


Xerox Corporation 


701 South Aviation Boulev afer 


El Sagunda Coattara: 


These drawings . 


a cifications, and the data con- {| [tle Xerox Corporation we: 
taincd therem, «. exclusive property of Xerox Ze : ; XE «Or 
Corporation and, © uk Xerox, Utd. issued in strict THEORY OF OPERATION E! Segundo, California JN 


confidence and ©’ + not, without tho prior weritren 
Me mmission of XK-«. +s Corporation of Runk Xcrox, CARTRIDGE DISK 

td., be reprodu oy copied of used for any purpose | CONTROLLER 204262 
whatsor rver, except the munufacture of articics for 


Xerox Corporation oc Rank Xerox, Ltd. Sheet 
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Address switches (see paragraph 2-5) are provided for each disk within each disk drive. This permits 
disabling the decoding for drives or disks which are not present in the system. 


Outputs from the selection unit to the devices are select lines NSELECT1 through NSELECT4 and 
DISKSEL. Only one of the NSELECTx lines may be low at one time. DISKSEL will be low to select the 
cartridge disk and high to select the fixed disk. 


3-19 SEEK OPERATION 


After the sector pulse has been received when the controller is busy (except during data-out of the seek 
order), a nine-bit track address is shifted out serially to a nine-bit register in the selection unit (TRK2 
through TRK9 and HDSEL). The eight most significant bits of the track address are used as a cylinder 
address. The LSB is used to select the read/write head. When the LSB is a zero (even-numbered track 
addresses), the upper head is selected. When the LSB is a one, the lower head is selected. 


The eight-bit cylinder address in TRK2 through TRKG@Q is sent to the selected device immediately after it 
has been shifted in from the controller. if this new address is different from the previous one, the disk 
drive initiates a seek operation to the new address. 


At the conclusion of the seek operation, the selection unit will verify the seek address from the cylinder 
address recorded in the sector gap. Two checks are made in succession and if one (or both) is 
satisfactory, further operation may be performed. If both checks are not satisfactory, a RESTORE 
Operation is initiated by the selection unit, and the ADDRESS CHECK ERROR indicator is lighted along 
with the unit number indicator. 


The RESTORE operation will also be initated if the NSEEKING line is driven low by the disk unit, 
indicating that excessive current is required to move the carriage. 


3-20 DATA ENCODING 


Serial data is received from the controller at a 2.5 MHz rate. This provides a 400-nanosecond bit, or cell, 
time. The 2.5 MHz clock from the controller is doubled to 5.0 MHz within the selection unit to provide 
200-nanosecond clock and data pulses to the disk drive. The data encoding method is double frequency. 


The encoded data from the selection unit includes clock bits and data bits. Clock bits will occur 
continuously every 400 nanoseconds for as fong as writing is enabled. A data one will inject a 
100-nanosecond bit between two clock bits in the data stream. 


3-21 DATA DECODING 


The selected device provides the selection unit with both a read clock and a read data line. Pulse width 
on these lines is nominally 100 nanoseconds. The read data clocks occur every 400 nanoseconds and the 
read data pulses, indicating data ones, will occur between clock pulses. 


The selection unit will provide the controller with data bits 400 nanoseconds wide and read data strobes 
of 120 nanoseconds every bit time. 
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3-22 DISK INITIALIZING 


A disk cartridge..is initialized by writing the cylinder address and an electrical sector mark in every sector 

~ of every track address on the pack. This can be done only with the INITIALIZE switch in the one 
position. {nitializing may be done under program control, as described in the 725X Cartridge Disk 
Storage System Reference Manual, Publication Number 903024, or from the maintenance panel, as 
described in drawing 203328, Specification, Test and Acceptance, 7250 Controller. 


During initialization, the mechanical sector marks from the device are used to generate sector marks 
for the selection unit and the controller. Controller sector timing starts at the trailing edge of the 
sector mark. When the controller write enable signal WEN goes low, at the end of the data record, 
zeros will begin to be written on the disk and a psuedo-sector counter in the selection unit starts 
counting. Sixty-four byte times afier the fall of WEN, the eight-bit cylinder address is written 
following one synchronization bit. 


Eight byte times after the following mechanical sector mark, the electrical sector mark is written. This 
electrical sector mark consists of four bytes of all data ones. 


Writing of cylinder address and sector marks on this surface continues until a new track address appears 

in the coatroiler. This will select the other head and cylinder addresses and sector marks will be written@ 
onto the other disk surface. The next new track address will select the other head and cause a seek to the 
next cylinder. Writing continues in this manner until the complete cartridge has been initialized. 
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DETAILED FUNCTIONAL DESCRIPTION 


SECTION 4.0 © 


41 “SCOPE AND ORGANIZATION 


This section describes the operation of ali circuits in the controller and selection unit, and is supported 
by the functional block diagrams, logic diagrams, flow charts, timing diagrams and logic equations. 
Individual circuits related to the transfer of data through the file are described in sequence from circuits 
functionally close to the |OP interface to circuits functionally close to the storage units. Cross references 


relate the circuit being described to circuits that provide inputs and accept outputs. 


42 SUBCONTROLLER 


The device controller (DC) includes a subcontroller which provides the following circuits: 


a. Relay logic and switches for placing the DC on-line or off-line 


b. Logic elements to determine priority of the DC 


c. Cable drivers and cable receivers to connect the eight-bit data path interface 


d. Switches for establishing the address of a DC and for providing a means of comparing the 
DC address generated by the |OP with the address of the DC 


e. A latch that, when set, indicates the device is connected for service through the DC. 


Not all possible functions of the subcontroller are used in the DC. Subcontroller functions used by this 


controller are described in paragraphs 4-3 through 4-25. 


The subcontroller consists of the following modules incorporated in the controller to interface with the 


IOP: 


Location 


C21 
C22 
C23 
C24 
C26 
C27 
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4-3 Eunetion Strobe and Function Indicators 


The subcontroller can respond to a function strobe signal /FS/ accompanied by one of the following 
function indicator signals: 


Function Indicator Function 
/Ato/ Acknowledge interrupt call 
/ASC/ Acknowledge service call 
/HIO/ Halt input/output 
/Sio/ Start input/output 
/TDOvV/ Test device | & 
| | 
[Tio/ Test input/output | @ 


The HIO, SIO, TDV, and TIO functions are always addressed to a specific DC, amd only the | 
subcontroller associated with the addressed DC can respond. The AlO and ASC functions are not 
addressed to a specific DC, and each subcontroller associated with an IOP receives the function strobe 
and function indicator in a priority sequence established by cable connections. If a subcontroller in a 
DC does not respond, the AlO or ASC function indicator enables the subcontroller of the next DC in 
the priority sequence to respond. If the subcontroller does respond, it acknowledges the function 
strobe and generates function response signals, condition code signals, and other signals related to the 
function. 


The HIO, SIO, TDV, and TIO function indicator signals are generated when the CPU processes an 
instruction. The AlO function indicator signal is generated in response to an interrupt call by a DC. 


The ASC function indicator signal is generated in response to a service call by a DC. (o> 
4-4 IOP Data Line Signals @ 


The IOP data line signals consist of DAO:R through DA7:R when may contain an address status, 
terminal order information, or orders. 


Signals DAO:R through DA3:R are compared with the settings of the switches on the LT26 switch 
comparator module to generate device controller addressed signal DCA. 
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Table 4-1. Information in Function Response Signals for TIO, HIO, or SIO Command 


INFORMATION 
Fr rer om 


Interrupt pending 


x< 
x 


Device automatic 
Unusual end 
Device ready 


Device busy 


Disk storage unit not operational 


Controller ready 


x Kx KK KK A XK 
x xXx KX KX KX A 
=~ © KX KX KK X 
200000 © SO 


Controller busy 
Note 


An X under a signal indicates that the signal is not related to that information. 


If any pair of corresponding bits of the DAn:R inputs and the SWA inputs (where n represents any 
integer from 0 to 3) are different, signal DCA is false; therefore, signal DCA is true when the IOP 
data line code is identical to the address code set in the switches, indicating that the device controller 
is addressed. 


Signals DA5:R through DA7:R contain the device address code and contre signals SUOD through 
SU2D. 


For terminal orders, signals DAO:R through DA3:R_ indicate interrupt, count done, command 
chaining, or IOP halt, as described in detail in paragraph 4-22. 


45 Priority Signals 


Signals /HPI/, /HPS/, /AVI/, and /AVO/ contro! priority when the controller is on-line. The OP 
generates an /AVI/ signal that is always true. This signal goes to the highest priority device controller 
at all times. When the IOP generates a true function strobe signal (FS), each DC, beginning with the 
highest priority DC, responds to the /AV!/ signal in priority sequence. !f a DC does not generate a 
function strobe acknowledge signal, the DC passes the /AVI/ signal on to the next DC in sequence in 
the form of a true /AVO/ signal. 
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4-5 ( cont'd ) 
In the controller, a true /AVO/ signal is generated in one of three ways: 


a. © When an AIO is received with no interrupt pending 


b. When an ASC is received with no service call pending 


c. When a TDV, TIO, HIO, or SIO is received without an address recognition occurring in 
the subcontroller 


4-6 Subcontroller Response 


When the subcontroller does not generate a true /AVO/ signal, it generates a true function strobe 
acknowledge (FSL) signal, regardless of the type of function. 

After generating the function strobe acknowledge signal, the subcontroller generates additional signals 

that depend on the function being performed. The signals include the function response signals, 
condition code signals, service cycle identification signals, and request strobe signals. These signals are 

used by the IOP to determine the type of response required. Paragraphs 4-7 through 4-12 group these } 
signals for each type of function indicator. @ 


4-7 TDV Function Indicator 


For a TDV function, the function response signals /FRO/, /FR2/, /FR3/, and /FR4/ contain 
information while the other function response signals are always false. 


/FRO/ is true if a rate error is detected (RER) 

/FR2/ is true if the sector is unavailable (SUN) 
/FR3/ is true for a write protect violation (WPV) 
/FR4/ is true if the preamble sync pattern was missed 


The conditions for which flip-flops RER, SUN and WPV are set are described in paragraphs 4-54, 
4-55, and 4-61. 


Condition code signals (/DOR/, /IOR/) will be true under the following conditions: 
DOR when the device and controller are operational 
1OR when the controller is not in a test condition 
48 T10 Function Indicator 
For a TIO function, the function response signals will contain information as listed in table 4-1. 
The condition code signals (DOR, |OR) will be true under the following conditions: 


DOR when the device is operational (OPER) 


IOR when the device and controller are READY 
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4-9 HIO Function Indicator 


For an HIO function, the function response signals will contain the information as listed in table 4-1. 


The condition code signals will be true under the following conditions: 
DOR when the device is operational (OPER) 
1OR when the device is not busy (NDVBUSY) 


4-10 S!IO Function Indicator 


4 


For an SIO function, the function response signals will contain the information as listed in table 4-1. 


The condition code signals will be true under the following conditions: 
DOR when the device is operational (OPER) 
iOR when the device and controller are READY 


The possible condition codes and their meanings are: 


DOR —sIOR . Meaning 
o 0 Device not operational 
1 0 Interrupt pending, device busy, or controller busy 
1 1 SIO accepted 


4-11 AIO Function Indicator 


For an AIO function, the controller places its address on the function response lines /FRO/ through 
/FR3/. The unit address stored in the unit register (UO through U2) is placed on function response 


lines /FR5/ through /FR7/. Function response line /FR4/ will be false. 


The condition code (DOR, IOR) is (1,1) only for the subcontroller having the highest prio 


pending interrupt. 


ie and a | 


A condition code (DOR, !OR) of (1,0) indicates a fault condition (UNE set) in the controller 


responding to the AlO command. 


In addition to function response signals and condition code signals, status signals are generated and 


transmitted through signals /DAO/, /DA2/, and /DA3/. 
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4-11 ( cont'd ) 


DAO rate error (RER) 
* DA2 sector unavailable (SUN) 
DA3 write protect violate (WPV) 


4-12 ASC Function Indicator 


The ASC function indicator is an IOP response to a service call from the controller and can occur only 
after an SIO command has been accepted, causing service call latch CSL to be set by NDATA NIN. This 
will cause the service call signal /SC/ to be raised. 


Service calls are a part of the execution of the seek order, sense order, write order, read order, and | 
checkwrite order. For an ASC function, the function response signals contain the same information as 
for the AIO function (paragraph 4-11). 


The ASC function indicator will cause the subcontroller to enter the service phase (PHSRV) and thus 
cause the service connect latch (SERVICON) to be set. 

While the controller is connected for service, the (DOR, !OR) signals generate one of four service cycle __ 
identification codes controlled by the states of flip-flops DATA and IN. 


The possible service cycle identification codes are: 


(DATA/IN) (DOR, IOR) Service Cycle 


0 O 1 1 Order-out : 
o 1 1 0 Order-in | | 
1 #O 0 1 Data-out , 
1 1 0 Oo Data-in 


While the service connect latch (SERVICON) is set, request strobes (/RS/) may be sent to the IOP as 
determined by the phase control circuits. 


4-13 Phase Control Circuits . eae 


The phase control circuits control the response of the controller to 1OP commands (AIO, HIO, TI @ 
TDV, or SIO). In response to IOP commands, the phase flip-flops cycle through a sequence of three 
phases (PHFS, PHFSZ and PHFSL), during which the function response signals and condition code 
signals are returned to the IOP. In response to an accepted SIO command, the controller requests an 
order-out service cycle and executes the order received. For a seek order, write order, test order, or 
checkwrite order, execution of the order involves one or more data-out service cycles followed by an 
order-in service cycle. For a sense order or a read order, execution of the order involves one or more 
data-in service cycles followed by an order-in service cycle. During each service cycle, the phase flip-flops 
cycle through two phases (PHFS and PHSRV) reporting subphases PHRS and PHRSA as required to 
transfer data. The phase control circuits control the timing of the phases, identify the service cycle, and 
provide signals for use by other circuits of the controller. 
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4-14 1/O Phase Delay Line 


Clock signals for the subcontroller are generated by a 200-nanosecond delay line on the DT26 module. 
The line is driven by a buffered latch which is normally in the set state (NTOQO). 


When the delay line is not in use and no pulse is present, the NTCYCLE latch will be reset. Resetting 
NTOO0O will cause a pulse to be propagated down the delay line. At the T1100 tap, the pulse sets 
NTCYCLE and NTOOO. This will limit the pulse to approximately 120 nanoseconds. 


The PHCLK buffer is set by T1100. The output is tied to NT200 so that when the pulse arrives at this 
latter tap clock term PHCLK is quickly cut off. The trailing edge of PHCLK is the clock for the DATA, 
IN, and DCBUSY flip-fions as well as the subcontroller phase flip-flops. 


NTCYCLE will be held set until the pulse has disappeared completely from the delay line. While this 
latch is set, NTOOO cannot be reset to start another timing pulse through the delay line. 


A clock pulse normally traverses the full 260-nancsecond length of the delay line. To speed up the 
data-in and data-out cycles, the signal NTSTOP prevents the line from running past the 100-nanosecond 
tap during subphase PHRSA. This decreases the time from receiving a request strobe acknowledge (RSA) 
until the time that the next request strobe (RS) may be raised. Note that the TSTOP latch is not 
effective during the last PHRSA of an input operation when end service (ES) is true. This allows the 
subcontroller to generate PHCLK without returning to PHRS to do so. 


Timing is shown in figure 4-1. 

4-15 Phase Flip-Flops 

Phase flip-flops PHFS, PHFSZ, PHFSL, PHSRV, and PHTO, and phase latches PHRS and PHRSA, which 
contro! inputs to the I/O phase delay line, cycle through a sequence of phases determined by the 


commands and orders received from the IOP. All phase flip-flops are clocked by PHCLK, which goes true 
at T100 and goes false at T200. 


A reset signal received from the computer through the IOP, or a reset signal from the maintenance panel, 
will generate the term RESETMANL. This will reset all phase flip-flops except PHFS, which will be set, 
This is the initial condition and the idle phase for the subcontroller. 


Table 4-2 identifies the phase flip-flops and latches. 


4-16 Response to !/O Instructions 


The sequence of phases in response to an 1OP command (TDV, TIO, SIO, HIO, or AIO) is independent 
of the function indicator. A function indicator and its associated function strobe (FS) will start the 1/O 
phase delay line when an addressed TDV, TIO, SIO, or HIO command is received or when an AIO is 
received and the controller has an interrupt pending. The signal which starts the delay line is TTSHAIOC. 


Operational flip-flop OPER is immediately reset by PHFS and clock NTOOO. 
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Table 4-2. Subcontroller Phases 


(a) Service calls or interrupt calls are raised in PHFS. 
(b) Function strobe is detected while in PHFS. 
(c) Subcontroller is in PHFS when idle. 


A time delay between PHFS and PHFSL. 


The phase in which the function strobe acknowledge 
signal, /FSL/, is sent to the IOP for the five I/O 
instructions: SIO, TIO, TDV, HIO, and AIO. 


The phase during which the subcontroller is connected 
for service with the l[OP. PHSRV is divided in subphases 
by latches PHRS and PHRSA. 


The subphase of PHSRV during which a request strobe, 
/RS/, may be sent to the IOP. 


The subphase of PHSRV during which the subcontroller 
waits for the request strobe acknowledge, /RSA/, from 
the !OP (except for terminal orders). 


The terminal order phase PHTO is entered from PHSRV 
after a request strobe has been raised for a terminal 
order. 


PHASE IMPLEMENTATION PURPOSE 


Transfer from phase PHFS to phase FSZ occurs at T200 and the delay line is started again by PHFSZ 


when NTCYCLE resets. 


The operational flip-flop OPER samples the device test signal DVTR and is clocked by NTOOO. 


At T200, PHFSZ is reset and PHFSL is set. While in phase PHFSL, function response signals, condition 
code signals, and device controller addresses are transmitted to the |OP as described in paragraphs 4-7 
through 4-12. The acknowledge signal, /FSL/, is raised and the subcontroller waits in PHFSL until the 


IOP drops /FS/. 


If an SIO function is being executed, the device controller busy flip-flop, DCBUSY, is set at the end of 
PHFSL and a service cal! is made to the IOP for an order-out. Both these actions occur only if the 
controller is operational, is not already busy, and does not have an interrupt pending. 


An HIO function resets the DCBUSY flip-flop and clears the unusual end and interrupt call latches. 
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4-16 ( cont'd ) 
The t/O phase delay line is started in phase PHFSL when the function strobe signal, /FS/, goes false. At 
T200, PHFSL is reset and PHFS is set. 


4-17 ASC Function 


The sequence of events comprising an ASC function normally includes: 


a. A service call, /SC/, raised by the controller 
b. The acknowledge service call, /ASC/, and function strobe, /FS/, raised by the lOP 


c. The subcontroller advancing from PHFS to PHSRV and setting the service connect 
flip-flop, SERVICON 


The phase sequence for ASC is initiated when a service call is made by the subcontroller for the purpose 
of doing an order-out, order-in, data-out, or data-in operation. The service call latch, CSL, is set and the 
/SC/ line to the IOP is raised. 


The IOP responds by raising /ASC/ and /FS/. The 1/O phase delay line is started by ASCB and the eS 
subcontroller advances from PHFS to PHFSZ. The delay line is restarted in PHFSZ and the subcontroller 
advances to PHSRV. During PHSRV the function strobe acknowledge signal, /FSL/, is raised. When t 
IOP drops the function strobe, the service connect latch, SERVICON, is set. This in turn causes the 
PHRS latch to be set and the service call latch, CSL, to be reset. 


After making a service call and being connected for service, the subcontroller may execute any of four 
types of service cycles. The type of service required is specified by two flip-flops, DATA and IN, in the 
. subcontroller. These flip-flops drive the /DOR/ and /IOR/ lines as described in paragraph 4-12. 


While in the service phase, PHSRV, request strobes may be issued to the IOP. One request strobe is 
generated each time the I/O phase delay line is started during subphase PHRS (unless end service latch ES 
is set). 


The order-out and order-in cycles consist of the transfer of a single byte of data, plus possibly a terminal 
order byte (see paragraph 4-22). The data-out and data-in cycles consist of one or more data byte 
transfers and, again, the sequence may conclude with a terminal order. 


Service cycles are terminated when the subcontroller, the controller, or the IOP causes end data, ED, to & 
be set. If ES is also set during the order or data transfer, no terminal order is necessary and th 
subcontroller returns to PHFS without going through PHTO. 


4-18 Order-Out 


An order-out is one of the four basic types of service cycles performed by the subcontroller. Its purpose 
is to transfer an order from the IOP to the device controller. The order-out occurs following an SIO 
function or as the result of a command chain. 


After an SIO has been successfully completed (DCBUSY is set), the subcontroller goes to the order-out 
state and makes a service call. The sequence proceeds as shown in figure 4-2 with little intervention from 
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4-18 ( cont'd ) 
the controller, except to start the timing delay line during phase PHRS. The controller accomplishes this 
through signal TSTART (PHRS). 


Starting the delay line for PHRS causes a request strobe to be sent to the IOP and allows the 
subcontroller to advance to PHRSA. When the request strobe acknowledge signal is received, the 
accompanying order is stored in the order register. It remains there until it is replaced by another order 
during the next order-out. 


A terminal order (see paragraph 4-22) may or may not be required after the order is obtained. If /ES/ is 
not received when the IOP acknowledges the request strobe for the order, a terminal order is necessary. 
In this case the controller must again start the timing delay line with TSTART (PHRS). If /ES/ is 
received with the order, a terminal order is not necessary and the subcontroller returns to PHFS. 


419 Order-In 


An order-in is one of the four basic types of service cycles performed by the subcontroller. It allows the 
subcontroller to report error or other terminal conditions (such as channel end) to the [OP. An order-in 
occurs as a result of setting the unusual end latch, UNE, or the finished flip-flop, FINISH. The 
subcontroller terminates any data operations taking place by signaling /ED/ to the |OP, and then makes a 
service call by raising CSL/M(Ol). 


The phase sequence for the order-in is shown in figure 4-3. It begins with the service connection being 
made by the ASC function. 


As with the other types of service cycles, a terminal order may or may not be required afterwards. Again, 
this is under control of the 1OP which indicates the requirement by raising /ED/ and holding /ES/ false a= 
during the request strobe acknowledgement. The controlier must, in all cases, provide the line starting : 


signal, TSTART (PHRS), during phase PHRS. . | | 


4-20 _— Data-Out 


Data-out is one of the four basic types of service cycles performed by the subcontroller. !t provides the 
means for an output device to obtain the data from the IOP. The data-out state may follow an order-out | 
or a prior data-out cycle. After an order-out, it is up to the controller to decode the order, check its | 
validity and, if output (ORD7), enter the data-out state. @ 


Data-out proceeds as shown in figure 4-4. It begins when the controller raises CSL/M(DATA) to make a 
service call. The ASC operation then results in the service connection with PHSRV and SERVICON being 
set. The subcontroller remains in PHSRV where it can cycle between subphases PHRS and PHRSA, 
transferring data bytes until the end data latch, ED, is set. ED may be set either by the controiler or by 
/ED/ from the IOP. 


The data-out sequence is concluded with a terminal order if the !OP raises /ED/ but not /ES/ when 
acknowledging a request strobe. The controller must provide the delay line starting signal for each PHRS 
whether a request strobe is being raised for data or the terminal order. 
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Figure 4-4. Data-Out Phase Sequence 
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4-21 Data-In 


Data-in is another of the four basic types of service cycles performed by the subcontroller. It provides 
the means for the controller to transfer data to the ICP. The data-in cycle may follow an order-out or a 
previous data cycle. Following an order-out, the controller must decode the order, check its validity and, 
if input (ORD7 false), enter the data-in state. 


Data-in proceeds as shown in figure 4-5, It begins when the controller raises CSL/M(DATA) to make a 
service call. The resultant ASC operation then makes the service connection by setting SERVICON and 
advancing the subcontroller to phase PHSRV. The subcontroller remains in PHSRV where it can cycle 
between subphases PHRS and PHRSA, transferring data to the IOP, until the end data latch, ED, is set. 
End data may be set either by the controller or the IOP. 


The data-in sequence is concluded with a terminal order if the 1OP raises /ED/ but not /ES/ when 
acknowledging a request strobe. The controller must start the subcontroller’s delay line for PHRS for 
each request strobe whether it is for a data byte or the terminal order. 

4-22 Terminal Order 


A terminal order is an operation which may take place at the end of any of the four service cycles 
described in paragraphs 4-18 through 4-21. Its purpose is to convey flag bits or control information from 
the IOP to the subcontroller, and it consists of a transfer of one byte on the data lines. 


Four terminal order bits have been assigned specific meanings as follows: 


Bit O Interrupt CI 

Bit 1 Count Done___ess—CssCFfFfFSFFFSCe CDN 
Bit 2 Command Chain ____ Eee CCC H 
Bit3 1OP Halt ~=E—CsssS—COCsC(Csttst(eeeseFSSCsC(Csti US NE 


During the terminal! order, the subcontroller stores these bits into four buffered latches, CIL, CDN, CCH, 
and UNE, respectively. 


it is always the IOP that specifies whether or not a terminal order is to be issued. It does so by 
acknowledging a request strobe while holding /ES/ low and /ED/ high. When this situation is detected, 
the subcontroller produces one more request strobe then goes to the terminal order phase, PHTO, to 
await the request strobe acknowledge from the I!OP. After obtaining the order and storing the four bits as 
stated above, the subcontroller returns to PHFS where further action may be taken according to the state 
of those bits. 


4-23 Command Chaining 


Command chaining is specified by bit 2 in the terminal order concluding an order-in service cycle. At this 
time, CCH is set if bit 2 is true. 


If command chaining is not specified in that terminal order, the device controller busy flip-flop, 
DCBUSY, is reset as the subcontroller returns from phase PHTO to PHFS. If command chaining is 
specified, DCBUSY remains set and the subcontroller goes to the order-out state and makes a service call, 
just as it does following a successful SIO. 
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Figure 4-5. Data-In Phase Sequence 
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4-24 Testmode 


The subcontroller may be switched to the testmode by placing a toggle switch on the LT95 module in 
the down position. The testmode allows testing of the phasing, the data register, the order register, some 
control terms, and much of the IOP without using the device itself. 


When operating in the testmode, the normal control signals which transfer information to the data 
register for data-in or order-in are disabled. Replacing them is another signal which gates the 
subcontroller’s order register into the data register. Thus, a data-in or order-in cycle causes the order 
received in an order-out to be returned to the IOP on the data lines. 


4-25 Order Register 


The order register is an 8-bit register which receives the order during an order-out. The order will be 
received from the IOP over the /DAO/ through /DA7/ lines or from the maintenance panel switches. 


Orders are transferred into the register from the IOP by signal ORDXDA and from the maintenance 
panel by signal ORDXMAINT. One or the other of these signals will be enabled by the condition of latch 
MAINT-1 controlled by the MAINT/MONITOR switch on the maintenance panel. The selected gating 
term will be true during PHRSA of the order-out and while PHRSATOOOW is true. 


The order register is cleared by signal ORDXO, which is true during PHRSA of an order-out. This term is 
approximately 50 nanoseconds shorter than ORDXDA or ORDXMAINT, thus clearing the register just 
prior to loading it with a new order. 


The order is held in the register until the next order-out. Order decoding is done by the controller. 
Decoding is enabled by signal ORDENABLE, provided by the subcontroller. This term will be true only 
during data service cycles when the subcontroller is not in the testmode (as described in paragraph 4-24). 


Order decoding is accomplished by the controller and uses data bits DA3, DA5, DA6, and DA7. The 
presence of any other data bit true will cause the unusual end (UNE) flip- flop to be set (as described i in 
paragraph 4-61). Decoding of the orders is as follows: 


= 
ww 


ORDER 


Write 
Read 
Seek 

Sense 


Checkwrite 
Test 


=a OF CO SO. * 

on W@W OO 9 [Ve 
a OF CO = = O Oo 
2a = CO =e CO ao 


*Bit 3 is true for a read 12 order. It is used in the parity reporting logic to enable 
setting TER at the end of the failing sector instead of after all data has been 
transferred in a multisector read operation. 
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4-25 ( cont'd ) 
The decoded orders are further combined to generate control terms within the controller. 


SKS" = Seek or sense order 
RCHW = Read or checkwrite order 
WCHW = Write or checkwrite order 


WRCH Write, read, or checkwrite order 


Any bit configuration of bits 3, 5, 6, and 7 (other than as indicated above) will cause the signal ILO to be 
true. This illegal order signal will cause UNE to be set (as described in paragraph 4-62). 


4.26 EXTENDED INTERFACE 
The controller contains the extended interface option which is a basic set of logic added to expand the 
controller/IOP data path to either two or four bytes. The conversion from a 4-byte data path to a 2-byte 
data path consists of removing four modules and one cable. 
The extended interface contains the following circuits: € 
a. Three input data registers and three output data registers @ 
b. Byte alignment logic 
c. Interface control circuits 
d. 


Cable receivers and drivers to connect the 4-byte data path interface 


The option consists of the following modules incorporated in the controller to interface with the [OP: 


Location Type Description 
20B 1111 interface Control logic 
21B FT10 WIDEINTER and byte presence flip-flops 
22B BT10 C-register control logic 
23B FT26 Byte accumulator (byte alignment) C(BCD) 
24B FT80 CB register | 
25B FT 80 CC register Cy 
26B FT80 CD register @ 
27B FT81 DB:D-register 
28B _ FT81 DC:D-register 
29B AT60 ~—_ Cable receiver/driver 
30B FT82 DD:D-register | 
31B AT60 ~—_ Cable receiver/driver | 
328 BT11 Miscellaneous control buffer | 
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4-26 ( cont'd ) 
Not part of the extended interface option, but included in the controller for use with the option are the 
logic modules at locations listed below: 


22A LT71 C(BCD) inverters 
23A LT96 CD register parity check logic 
24A LT96 CB and CC register parity check logic 


During data transfers between the IOP and controller, the data path width may be extended to two or 
four bytes. The registers which receive data are the CA, CB, CC, and CD registers. Registers which 
transmit data are the DA, DB, DC, and DD registers. The CA register is part of the 16-byte buffer, while 
the DA register is part of the extended subcontroller. All the other registers are part of the extended 
interface option. 


The controller’s buffer storage area, 16-byte buffer or FAM, can process only one byte at a time. 
Provision is made in the wide interface to handle the bytes sequentially and to signal when all bytes have 
been transferred to their proper destination. 


427 Interface Width Control 
Three signals from the !OP will control the operation of the extended interface: 


a. EDX2 will enable the interface for the 2-byte wide data path. 
b. EDX4 will enable the interface for the 4-byte wide data path. 
c. lER will interrupt the extended data path and return it to the 1-byte width. 


When the IOP holds /IER/ low, the wide interface may be enabled. The sector end flip-flop, SECEND, 
will be set only during the last seven bytes of a sector of a data-in operation. With this flip-flop reset and 
{IER low, the WIDEINTR/1 flip-flop wil! be set with end servics, ES, of a data service cycle (except for a 
seek or sense order). 


The setting of WIDEINTR/1 enables the set input of WIDEINTR/2, which will be set by TO0O during the 
first PHRS of the data service cycle. These two flip-flops control the start of the byte presence indicator 
cycle (described in paragraph 4-28). 


The setting of WIDEINTR/1 will also enable the raising of either the /DX2/ or /DX4/ line by the 
controller. This indicates to the [OP that the controller is in the directed data path width. 


4-28 Byte Presence Indicators 


The byte presence indicators, BPB, BPC and BPD, comprise a ring counter started by the WIDEINTR 
flip-flops and ended with the resetting of BPD. The BPB flip-flop will be set at the start of a data-out 
service cycle after the byte from the CA register has been transferred to indicate that there is a data byte 
present in the CB register. The next clock wil! clear BPB and set BPC (if on the 4-byte data path) to 
indicate there is a data byte in the CC register. The next clock will clear BPC and set BPD, indicating 
there is a data byte in the CD register. The setting of each flip-flop, in turn, will direct the data from each 
register through the byte alignment logic into the FAM. 
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4-28 ( cont'd ) 


During a data-in service cycle, BPB is set when a byte has been transferred to the K-register. This will 
direct the next byte to the CB register. BPC will direct the next byte to the CC register and BPD will 
direct the next-to the CD register. aoe 


Note that the clock for the byte presence indicators is derived from the FAM read or write timing. This 
synchronizes the transfer of data in and out of the FAM to the timing of the FAM, which is independent 
of the IOP interface timing and the device interface timing. FAM timing is described in paragraph 4-38. 


4-29 Maintenance Provisions 


When the controller is placed in the maintenance mode from the maintenance panel, data for the four 
C-ragisters on a data-out operation will come from the DATA/TRACK switches on the panel. The 
controller will be placed in the 4-byte data path by the MAINT switch. 


4-30 Parity Check | 
The /PC/ line is raised to indicate that parity may be checked on the ensuing data transfer. The |OP may | 
raise the line for data-out or order-out operations while the controller raises it for data-in operations. The e 


controller will not raise the /PC/ line during seek or sense operations. 


During a data-out operation each C- register has its own parity check circuit whose output (CAPAR, 
CBPAR, CCPAR, or CDPAR) will be true if the associated one byte contains even parity. Each output is 
gated with its byte presence indicator (CAPAR is gated with T100) to produce a clock (if /PC/ is true) 
for the PARCNTR flip-flop. The clock may also be produced if even parity is detected in the order 
received from the IOP. 


The PARCNTR flip-flop is set through its mark input at the time that either the order register or 
CA register is cleared, just prior to receiving a new data byte (ORDXO or CAX0O). Thereafter, as each 
byte is checked for parity, when even parity is detected the flip-flop is clocked. An odd number of even 
parity detects will leave the flip-flop reset. An even number of even parity bytes will leave the flip-flop 
set. 


The reset output, NPARCNTR, is exclusive OR gated with WIDEINTR/2 and this result is exclusive 
OR gated with the parity bit from the IOP, received over the /DAP/ line to set the PAR(IOP) flip-flop. 


If even parity is detected for the complete parallel data transfer, the parity transmission error latch, PTE, wd 
will be set. This, in turn, will cause the unusual end flip-flop, UNE, to be set and the data operation® 
terminated (see paragraph 4-19). 


During a data-in operation, as each byte is read from the FAM, it is checked for even parity by the 
R-register parity circuit. If odd parity is detected, NPARR is high and the PARD flip-flop will be 
clocked. An even number of bytes with odd parity will leave PARD set. An odd number of bytes with 
odd parity will leave PARD reset. PARD will cause PARD:D to be set and drive the /DAP/ line to the 
IOP high. It will be driven at the same time that the /PC/ line is driven to indicate to the !OP that the 
data may be checked for parity. 
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4-31 16-BYTE BUFFER 


The 16-byte buffer is a basic set of logic which provides a standard modular sub-group for the purpose of 
standardization of device controllers. The buffer supplies storage for 16 bytes of data in a FAM module. 


It also contains the FAM input and output registers, timing, and control circuits, 


The buffer consists of the following modules incorporated in the controller: 


Location 


128 
138 
148 
15B 
16B 
178 
18B 
19B 
10C 
11C 
12C 
13C 
14C 
15C 
17C 
18C 
19C 


Type 


FT81 
FT25 
FT79 
FT66 
FT75 
XT10 
HT15 
DT 14 


BT22_ 


FT66 
BT11 
1711 

AT75 
FT75 
LT18 
BT11 
FT81 


Description 


K-register 

Fast access memory (FAM) | 
J-register 

R:L R:WRITE R:READ 
R:LW R:LR counters 
Terminators 

Delay line sensors 

Delay line 

JFULL inputs, JXO 

KFULL JFULL 

J- and K-registers, LW, LR controls 
R:SREAD and R:SWRITE inputs 
Priority determination logic | 


R:K counter 


| R:K decodes 


R:K decodes and control 
CA register | | 


The buffer is an integral part of the controller and provides the temporary storage capability necessary to 
interface between the different data transfer rates of the 1OP and the device. A byte which is to be stored 
in the FAM can be transmitted from the !OP or the maintenance panel during a data-out. This byte is 
first stored in the CA register, then is transferred to the J-register for the subsequent write operation. As 
the data enters the J-register, JFULL is set to indicate the presence of data. JFULL is reset upon writing 
into FAM. During execution of a read order, the data is transferred from the data shift D-register. The 


utilization of JFULL is the same. 


During a FAM read operation, the byte from the FAM is stored in the K-register prior to its transmission 
to the DA register during execution of a read order or to the D-register during execution of a write or 
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4-31 ( cont'd ) 


checkwrite order. KFULL is set upon reading data from the FAM and is reset when the data is 
transferred to the DA or the D-register. 


The papel address location within the FAM is specified by a 4-bit address register (R:LO—R:L3) 
which accepts addresses from the R:LW counter during a write operation and from the R:LR counter 
during a read operation. The number of bytes within the memory are tracked by the R:K counter. As 
each byte is written into memory, the R:K counter is incremented; as each byte is read from memory, 
the R:K counter is decremented. Therefore, the state of the R:K counter indicates the number of bytes 
still remaining in the memory. This is decoded by logic. 


The various timing pulses necessary to properly sequence the events are generated by a delay line. The 
logic to start a read or write cycle, as well as the logic required to determine priority between a read and 
a write operation, is contained in the start-up logic. 


The above description of operation is a general overview and is for a single byte of data. Paragraphs 4-32 
through 4-40 and figure 4-6 provide a more detailed description of operation. 


4-32 C-Register © 


The C-register includes the CA, CB, CC, and CD registers. These registers receive the data transmitte@> 
from the IOP over the /DA/, /DB/, /DC/, and /DD/ lines. Data is strobed into all registers at the same 
time by CAX(iIOP). Note that the individual terms for the extension registers (CB, CC and CD) are 
CAX(IOP) one logic level later. 


The strobe will be true when the controiler is not in the maintenance mode of operation, during a 
data-out, and PHRSATOOOW is true. Similarly, data from the maintenance panel switches will be strobed 
in when the controller is in the maintenance mode. The other timing inputs are the same. 


The register is cleared by CAXO (CBX0, CCX0 and CDX0O) which will be true during PHRSA and T000. 
Since PHRSATOOOW is 50 nanoseconds longer than T000, the existing data at the fall of TOOO will be 
latched into the C-register. 


The outputs of the CA register are transmitted to the J-register (see paragraph 4-33). The outputs from 

the CB, CC, and CD registers are channeled through the byte alignment logic, which is controlled by the 

byte presence indicators (see paragraph 4-28). During a checkwrite operation, NCAOO through NCA07 is @ 
transferred to the J-register and the outputs from CB, CC, and CD are complemented by exclusive 

OR gates following the byte alignment logic. 


Data received from the IOP or the maintenance panel switches is routed to the FAM through the 
J-register. 


During a data-in operation, the CB, CC, and CD registers receive data directly from the FAM (ROO-RO7). 
Bytes are strobed into each register under the control of the byte presence indicators (paragraph 4-28). 
When all registers, including the K-register of the buffer are full, data is transferred to the DA, DB, DC 
and DD registers for transmission to the IOP. 
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4-33 


J-Register 


a. 


b. 


d. 


The J-register is the input register to the FAM module and has four sets of input gates: 


The outputs of the CA register (CAOQ0-CA07) are strobed into the J-register by JXCA 
during a data-out. 


The inverted outputs of the CA register are strobed into the J-register by JXNCA during a 
checkwrite (data-out). 


The outputs of the CB, CC, and CD registers are strobed into the J-register by JXC(BCD) 
during a data-out. 


The outputs of the D-register (DAR, D0O0-D06) are strobed into the eee by JXD 
during a read. 


Just prior to data being strobed into the register, it is cleared by JX0O. 


As data is strobed into the J-register, the JFULL latch is set. Two things should be noted about the 


JFULL latch: 


a. 


JFULL is not set during the first PHRS following PHFS. Data is strobed into the 
C-register during PHRSA, which is after the first PHRS. Therefore, no meaningful data is 
in the C-register during the first PHRS. 


The JFULL and JFULL/DLYD latches are implemented upside-down. This is necessary 
to ensure that JFULL will be reset at R:T110. Since the M-input overrides the E-input, 
this condition is satisfied. If, for example, JFULL remained set beyond R:T300, it is 
possible that an additional write cycle may be initiated. 


JFULL will be reset whenever an order-out operation is being performed, or at R:T110 of a memory 
write cycle, during a data-in service cycle, or after all bytes have been transferred during any other service 
cycle (NDATAIN). 


Since JFULL is reset early in a write cycle, JEULL/DLYD is provided. This inverted latch is set when 
JFULL sets, but it will not reset until after JFULL is reset and the write cycle is completed (R:T300). 
NJFULL/DLYD indicates that the J-register is not in use and the write cycle has been completed. 


During a seek order operation, the contents of the J-register containing the track and sector addresses 
will be transmitted to the track (T) and sector (S) counters by terms LSB1 and LSB2 (described in 
paragraphs 4-50 and 4-51). 


4-34 


K-Register 


The K-register is the output register from the FAM. It receives inputs directly from the 16-byte memory, 
or from the track and sector counters during a sense operation. The transfer from memory into the 
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4-34 ( cont'd ) 


K-register will occur at R:T200 of a read cycle. This transfer term will be inhibited during a data-in 
operation when any of the byte presence indicators is set (N(DATAIN-BP)). This inhibit is used to hold 
a data byte in the K-register as data bytes are transferred into the CB, CC,+and CD registers for 
subsequent transmittal to the IOP. 


After the last data byte has been read from the FAM and stored in its destination register (K for the 
1-byte data path, CB for the 2-byte data path, and CD for the 4-byte data path), the KFULL latch will 
be set. KFULL is set at R:T220 of the last memory read cycle. At R:T300 of the same cycle, KFULL 
will cause KFULL/DLYD to be set. 


When data is transferred from the K-register to the D-register or to the DA register (along with CB, CC, 
and CD to the DB, DC, and DD registers), the KFULL latch will be reset. This will reset the 
KFULL/DLYD latch and set KXOENABLE. An order-out service cycle will also reset KFULL. 


When KXOENABLE is true, the next memory read cycle will clear the K-register just prior to a new data 
byte being transferred in from the FAM. 


4-35 Fast Access Memory (FAM) : © 


The FT25 FAM module provides storage for 128 bits arranged as sixteen 8-bit bytes. Data is written in ® 
read out eight bits at a time. Read-out is nondescriptive and is identified as ROO through RO7. 


Data is written into any of the 16 locations on the trailing edge of the clock, R:T 180, by addressing the 
location and holding R:CLKEN true. Addressing is provided by R:LO through R:L3. The signal 
R:CKLEN will be true during a memory write cycle when the NR:CLKEN/1 latch is reset. This latch will 
be reset by an order-out and can only be set at the end of a FAM cycle (R:T300) when the FAM is full 
(R:KO) during testmode 1 (TM1). | 


A complete description of the FT25 may be found by referring to the description of the FT40 in the 
Xerox T-Series IC Circuit Logic Modules (Publication No. 64-51-03). The FT40 is the same as the FT25 
with the exception of pin assignments. 


4-36 Buffer Address Register and Counters 


Two 4-bit counters supply the address for the buffer write and read cycles. One is used to track write 
operations (R:LWO through R:LW3) and the other is used to track read operations (R:LRO through © 
R:LR3). The counters are energized onty while the BUFFER/EN latch is set. The BUFFER/EN latch i@ 

set only during data service cycles (DATA) and is reset by an SIO (CLEAR-1) or during an order-in 
service cycle (ORDIN -PHSRV). (See figure 4-6). 


The two address counters are cleared by R:LXO during an order-out and PHRSATOOOW. The term 
(R:LX0) provides a clock to the counters while the counter set inputs are held false, thereby resetting all 
counter stages. The counters are incremented during read or write operations by the failing edge of 
R:LRCLK or R:LWCLK, respectively. Both clocks use R:T060/1 which falls immediately after R:1130 
of a read or write cycle. 
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4-36 ( cont'd ) 


The counter outputs are gated to the buffer address register (R:LO through R:L3), via R:SWRITE or 
R:SREAD, depending on which operation is being performed. This group of latches is always forced to 
the zero state’during R:TCYCLE, which is true to indicate that the buffer légic is not in use. The 4 
NR:TCYCLE latch is set by R:TOG6O and reset by R:T300. The latch is held reset by NDCBUSY when : 
the controller is not busy. 


The buffer address register (R:LO through R:L3) selects the byte location within the FAM module. 
4-37 Buffer Byte Counter 


As a byte is written into or read out of the buffer, the byte counter (R:KO through R:K4) is incremented 
by R:K(UP)CLK or decremented by R:K(DOWN)CLK, respectively. (See figure 4-6). | | 


Since the buffer can store a maximum of 16 bytes, when the most significant bit of the counter (R:KO) 

is set, the buffer is full. Note that during an order-out sequence for a data-in operation in testmode 1, a 
separate input is provided to set R:KO, thus signifying that the buffer is full. This is necessary to ensure | 
that at least 16 bytes of data will be transmitted to the !OP in the subsequent data-in operation. NORD7 

is true to indicate that the order requires a data-in operation. @ 


The byte counter is cleared at the same time as the two _ address counter@> 
R:K(LOAD)CLK=ORDOUT- PHRSATOOOW. This load clock will clock all stages of the counter to zero 
while the set inputs are held false. R:KO may be set at this time for testmode 1 data-in as described in the 
preceeding paragraph. 


The least significant bit of the counter is clocked by R:T060/1. The outputs of this stage, R:K4 and 
NR:K4, are used to generate incremental and decremental clocks R:K(UP)CLK and R:K (DOWN)CLK. 
These two clocks are used by the succeeding stages. Since NR:T110 is used in the up and down clocks, 
the four most significant stages will be clocked 110 nanoseconds after the timing is started. R:K4 will be 
clocked approximately 20 nanoseconds later. This is necessary to ensure that R:K4 is held static until the 
falling edge of NR:T110 has had time to propagate. 


The byte counter is incremented once for each write cycle and decremented once for each read cycle. 
When the counter has decremented to the state of all zero’s, this signifies that the buffer is empty. As 
noted earlier, when R:KO is set, this signifies that the buffer is full. 


4-38 Buffer Timing and Control © 


The buffer timing and control circuits include the buffer start-up logic (rejection gates), delay line, ? 
the R:READ and R:WRITE latches. 


The timing signals to control the various sequences in the buffer are generated by the DT 14 delay line 
module in combination with the HT15 sensor module. Figure 4-7 shows the timing outputs from the 
generator. Note that outputs R:T060/1, R:T110, R:T180, and R:T200 use inverting sensors from 
downstream in the delay line to ensure a more predictable trailing edge. This is because the pulse in the 
delay line may be from 82 to 133 nanoseconds in duration. 
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4-38 ( cont'd ) ! 
The pulse will be started in the delay line when R:TSTART goes true. One of the conditions necessary to 
start the delay line is that R:TCYCLE be true. This condition indicates that the buffer logic is at rest. 


The NR:TCYCLE latch will be set at R:T060, thereby limiting the length of the propagated pulse to 
82-133 nanoseconds, depending on transition times in the circuit. The latch will be reset at R:T300. 
Since the pulse at the R:1T300 output may be 133 nanoseconds long, the buffer could be idied 
unnecessarily long. For this reason, the NR:TCYCLE latch is implemented upside down to use the 
set-override feature to permit setting the latch at R:TO60. 


Signal R:TSTART is generated by the buffer cycle start-up logic. This is contained on an AT75 module 
and includes input gating and two special rejection gates, R:SWRITE and R:SREAD. These gates operate 
like latches with one exception, the erase input overrides the mark inputs. Also, each rejection gate has 
multiple set and reset outputs. Set outputs from each gate are wired together to provide R:TSTART, 
which will be true if either rejection gate is set. 


if both rejection gates are set at the same time, R:SWRITE will take priority. This is accomplished by 
wiring a reset output from R:SWRITE directly to the set output of R:SREAD, thereby sa: the 
R:SREAD output. This will not affect R:TSTART. 


Note that the set outputs of both rejection gates are gated with R:T040/D to set the R:WRITE “> 
R:READ latches. These latches are used to control transfer terms in the controller during buffer wri 
and read cycles. (See figure 4-6.) 


When R:TSTART goes true, the M-inputs to the priority logic are inhibited by a fast (10-nanosecond 
propagation maximum) inverter whose output is NR:TSTART. The rejection gates will be reset at 
R:T110. Note that, with the erase override feature, the rejection gates will be enabled only when the 
BUFFER/EN latch is set. 


4-39 R:SWRITE 


There are two conditions in which R:SWRITE is initiated: normal mode of operation, and testmode 1. 

In either case, (SFULL-R:TCYCLE) must be true indicating that there is data in the J register and no 
other buffer operation is in progress. In testmode 1 (TM1), when ORD7 is true, data is being transmitted 

from the IOP to the controller. In this mode of operation, the absence of NR:K0O in the term for the 
M-input indicates that any number of write cycles may be initiated. However, after 16 bytes have bean 
stored, R:KO goes true, and the write clock to the FAM will be inhibited by R:CLKEN/1. Therefore, @ 
although further bytes may be accepted by the controller, no more will be written into memory. © 


In the normal mode of operation, a buffer write cycle may be initiated when the J-register is full and the 
buffer electronics is not in use (as noted in paragraph 4-38). Also, the buffer must not be full, as 
indicated by N:RKO, and (M/R:SWRITE) must be true. This last term will be true under one of the 
following conditions: 


a. A read order is in progress, indicated by NORD7. 
b. The buffer is empty and data must be written into it, indicated by R:EMPTY. 
c. The K-register is full; therefore a FAM read cycle is not necessary. 
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4-39 ( cont'd ) 
A read order will give the J-register priority because data from the device must be transferred as soon as 
it is available. Transfers to the IOP can be held up. 


4-40 R:SREAD 


The condition in which R:SREAD is initiated requires that no buffer operation is in progress 
(R:TCYCLE), the K-register is empty of data (NKFULL), there is still data in the FAM (N:REMPTY), 
and the term (M/R:SREAD) must be true. 


The purpose of (M/S:READ) is to inhibit the start of a read cycle under the following conditions: 


a. During any of the read orders (NORD7) if there is data in the J-register (JFULL), and the 
buffer is not full (NR:KO) 


b. During a write, checkwrite, or seek operation while in testmode 1 (TM1-ORD7) 
c. During a data-in service cycle using the wide interface when the end data (ED) latch is set 


Note that a read cycle will take precedence over a write cycle when a write or checkwrite operation is in 
progress. This is because data must be in the K-register and ready for use by the device at the instant the 
device requires it. Transfers from the |OP may be held up. 7 


4-41 Service Call Logic 


The service call logic is used to drive the service call line, /SC/, to the IOP and initiate one of four types 
of service cycles (as described in paragraphs 4-17 through 4-21). The logic includes the CSL latch (part of 
the subcontroller) and the service call request (SCR) latch. 


The CSL latch can only be set when the controller is busy. This will remove NDCBUSY from the reset 
input and provide one of the terms necessary to set the latch. Also, the subcontroller must be in its idle 
phase (PHFS), the subcontroller timing must be idle (TCYCLE), the controller must be in the 
maintenance or on-line mode (MAINT+INC), and the term CSL/M1 must be true. 


CSL/M1 will be true when a service call is to be made. There are four inputs, any of which may raise the 
signal: 


a. For an order-out service call (NDATA- NIN). This will occur after the controller becomes 
busy following the SIO sequence. 


b. For an order-in service call (FINISH+UNE),. This will occur after a data transfer is 
completed, either normally or with an unusual end. 


c. Fora test order-in (TEST-NDATA). During a subcontroller test mode, when either CDN 
or UNE is set, the DATA flip-flop will be reset and the next service cycle will be an 
order-in. 


d. For a data service cycle, the term CSL/M(DATA) will be raised. Count done and unusual 
end must be false (NUNE-NCDN). 
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4-41 ( cont'd ) 
The term CSL/M(DATA) will be true for any of eight different conditions: 


a. SCR is set and a data-out operation is in progress. ae 


b. A data-out operation is in progress, the J-register is empty, there are no bytes in the 
C-register extension, and there are less than 12 bytes in the FAM. 


c. SCR is set and a read order is in progress. 


d. A read order is in progress, the K-register is full, and the data record is completed, as 
indicated by POST being set. This empties the FAM at the end of a data record. . 


e. The subcontroller is in the test mode of operation (see paragraph 4-24). Continuous 
service calls will be generated until the subcontroller is advanced to the order-in state. 


f. The controller is executing a test order. 


g. A seek order is being executed and all the seek bytes have not been transferred from the se] 
1OP. 


h. A sense order is being executed and a sector pulse has been received. (Indicated by 
NTSE.) This ensures angular position is correct. 


The SCR flip-flop is used by the controller to request a service call during read, write, and checkwrite 
orders. During a data-out operation, the controller will try to keep the FAM as full as possible. During a 
> data-in operation, the controller will try to keep the FAM as empty as possible. 


During execution of a read order, the set input will be true when FSL:D is low and one of the following 
conditions is true: 


a. There are eight or more bytes stored in the FAM. 


b. There are four to seven or twelve to sixteen bytes stored in the FAM and the controller is 
in phase PHFS. 


c. The controller is in testmode 1, in phase PHFS, and there are eight to eleven or less than © 
four bytes stored in the FAM. & 


During execution of a write or checkwrite order, the set input to SCR will be true when ESL.p is low | 
and there are less than eight bytes stored in the FAM. | 


The reset input to SCR will be true when the function strobe acknowledge (FSL) is returned to the |OP | 
and one of the following conditions is true: | | 


a. The CDN latch has been set (by either the !OP or controller). 
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4-41 ( cont'd ) 


b. There are eight or more bytes stored in the FAM or data is not being transferred to the 
device during execution of a write or checkwrite order. 


c. There are less than eight bytes stored in the FAM during execution of a read order. 


4-42 Interrupt Call Logic 


The interrupt call line, /IC/, to the IOP is driven by the CIL buffer latch in the subcontroller. This latch 
is set when an interrupt is pending and has not been acknowledged by the !OP. The CIL latch is set if 
data bitO (DAO:R) is received true during a terminal order. There is no provision for a 
controller-generated interrupt. 


4-43 Data Operations End 
Data operations between the IOP and controller may be concluded by resetting the NED latch in the 
subcontroller (see paragraphs 4-20 and 4-21). The controller may reset this latch by resetting the NED:D 


latch, which will also drive the end data, /ED/, line to the 1OP. Any of seven possible conditions will 
reset the NED:D Iatch: 


a. The DATA flip-flop (paragraph 4-12) is reset. This will cause end data to be signaled for 
the 1-byte order-in data transfer. 


b. The last sense byte is being transferred. 
c. The last seek byte is being transferred. 
d. The FAM is empty during a read order and the last byte is being transferred. 


e. The controller ts in the maintenance mode; the controller is not requesting a service call; 
and the operation in progress is not a seek or sense. 


f. The UNE fatch or FINISH flip-flop has been set, indicating an end of the data operation. 
The FINISH flip-flop will normally be set at the end of a seek, sense, write, and checkwrite operation. 
During a write or checkwrite, when CDN is set by the LOP, FINISH may be set when the 16-byte buffer 


is empty, as indicated by R:EMPTY-NKFULL/DLYD-NJFULL/DLYD. The flip-flop may also be set 
when the test order data byte has been requested. 


The unusual end latch, UNE, may be set by the IOP during a terminal order (paragraph 4-22) or by the 
controller (paragraph 4-62). 


4-44 DEVICE INTERFACE CONTROL LOGIC 


The device interface control circuits are used to transfer data between the 16-byte buffer and the device 
at a rate determined by the device capabilities. The logic also provides the necessary control signals to the 
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4-44 ( cont'd ) 

device and receives status information. The control logic includes a clock circuit, bit and byte counter, 
track and sector registers, data shift register, and parity register. Paragraphs 4-45 through 4-64 describe 
the device interface control logic circuits in greater detail. 


4-45 Interface Clock Logic 
The interface clock will provide one of two clocks, depending on the operation: 
a. A2.5 MHz clock 
b. Acilock derived from the read data, DSR, received from the device for a read operation 


The internal clock is generated by a 5.0 MHz oscillator having an output signal designated CLKSMH. This 
signal is divided in two by a flip-flop whose output signal of 2.5 MHz is designated CLK. 


When the device type (TYPOR-NTYP1R) returned from the selected unit is decoded, NEXT is true and 
CLK is gated with CLK5MH to provide a 2.5 MHz clock. 


When the data strobe is enabled during a read operation, the setting of DSE will gate the data strobe 
received from the device, DSR. At the same time, internal clock gate will be disabled. 


There are four separate driver outputs for the clock designated R\WCK-1 through RWCK-4. The 2.5 MHz 
clock is transmitted ungated to the selection unit over line /CLK/. 


4-46 Seek/Sense Byte Counter 


The seek/sense byte counter is used to track the number of bytes during execution of seek and sense 
orders and to provide timed gates for the operations. The counter consists of flip-flops SOO and SO1. 


During an order-out service cycle, the flip-flops will be set as the order is transferred from the IOP into 
the order register. As data bytes are transferred during execution of a seek or sense order, the counter is 
decremented. Decoded counter outputs SBY1 through SBY4 are provided to generate the gating terms 
for a particular operation. 


SBY1 through SBY3 2re used to gate the three sense order bytes into the K-register. SBY 2 and SBY3 are 
used to generate transfer terms LSB1 and LSB2 which gate the two seek order bytes into the T-register 
and S-register (as described in paragraphs 4-50 and 4-51). 


4-47 Bit and Byte Counter 


The bit and byte counter (B-counter) is a 14-stage counter (BOO through B12, and. POST) which 
performs the following functions: 


a. Counts bits transmitted to or received from the addressed storage unit. Transfers are in 
serial format. 


b. Controls data transfers within the controller so that 8-bit bytes are transferred between 
registers. 
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4-47 ( cont'd ) 


c. Controls writing of the 4-byte preamble (including sync pattern) Suens execution ofa | 
write order. 


= 


| 


d. Enables search for the 4-bit synchronization pattern during execution of a read or 
checkwrite order. 7 


e. Identifies the postamble during execution of read, write, or checkwrite order. 


Bits are counted by B10 through B12; bytes are counted by BOO through BO9; and the postamble is 
identified when the most significant bit, POST, is set. 


At the beginning of each intersector gap, flip-flops TSE, RWP, RWE, PRE, and BCE are in the reset state. 
Flip-flop SECPD is in the set state. When a sector pulse or index pulse is detected, SECP goes true and 
clears flip-flops BOO through BOS. The trailing edge of SECP clocks SECPD to the reset state. 


(Refer to sheet 59 of drawing 180118 for the following sector timing.) The next read/write clock will set 
TSE, which generates DXT and BX0. BX0 resets flip-flops BO6 through B12, whose set inputs are false 
(NBX0), on the next clock (RWCK-1). At the same time RWP is set, which sets SECPD through its 
M-input. 


Track shift enable (TSE) allows the track address (TRK0O-8) to be loaded into the data register and 
shifted out serially to the storage unit. TSE is reset by the 11th clock pulse after the fall of the sector 
pulse (9th clock pulse after TSE is set). 


As the track address is transferred into the data shift register, read/write possible flip-flop RWP is set. 
RWP will be reset at byte 10 time (B06-BO8). With RWP set, PRE is set at byte 9 time and reset at the 
end of the preamble. PRE is reset by BXO which will occur when the sync pattern has been detected 
during a read or checkwrite operation, or when the sync byte has been written during a write operation. 


Five bit times after PRE is set, RWE may be set, enabling read/write operations. RWE will not be reset 
until after the second byte time of the postamble. 


Following writing or detecting the sync pattern, BXO is used to preset the bit and byte counter for 
tracking the data record. With NEXT true the counter will be preset to 664 (decimal) for a read and to 
665 for a write or checkwrite operation. The term. BX1MED is used to preset the counter for the 
medium speed device. 


When the byte counter reaches 1023 (decimal), the data record is complete. The next clock will reset 
BOO through B12 and set POST. During the postamble the parity byte is written (during a write) or 
checked (during a read or checkwrite). 


The resetting of RWE at the end of byte two of the postenpl concludes the data operation and 
indicates the end of the sector. 


4-48 D-Register | | 


The data register (DOO through DO7) converts the parallel data of the IOP to serial data format for the 
storage unit. Inputs to the data register are the track register (DXT), the alternate 10 pattern of the 
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preamble (DXPRE), the preamble sync pattern 0011 (PSBWEN), the data from the K-register (DXK), 
and the parity from the parity register (DXP). These data inputs are then shifted right; the outputs 
coming from DO7 are sent to the storage unit. 


For a read operation, the data from the storage unit is clocked into flip-flop DAR with the data strobe 
generated from the read data. The output of DAR is then shifted into the data register. When seven bits 
of data are in the D-register and one bit in DAR, a parallel transfer is made from DAR-DO6 and DAR to 
the J-register for storage in the FAM. 


During a data operation, the first transfer into the D-register is made from the track register with the 
DXT term. This enables the eight least significant bits of the track address to be transferred from TRK1 
through TRK8, to be stored in DOO through DO7. The bit in DO7 will immediately be placed on the 
/TRK/ line to the device. The data shift right enable, DSHR, goes true and the next clock pulse will shift 
the data one place to the right. At the same time, the most significant bit of the track address is 
transferred from TRKO to DOO. As each new bit enters DO7, it is transferred over /TRK/ to the storage 
unit. Right shifting continues until the complete track address has been transmitted and TSE is reset. 


At byte 9, bit zero time, PRE is set (see figure 4-8). At bit four time, RWE is set and either REND or 
WEND is raised, indicating to the device that a read or write operation is to be performed. With the 
setting of RWE, gate timing term BIT7RWE will be true every bit seven time until RWE is reset. This 
timing term is used to generate the DXPRE, DXK, DXP, and JXD transfer terms to gate data into or out 
of the data register. 


a. Write. During a write operation, DXPRE will cause the following data pattern to be set 
into DOO-D07: 01010101. Since DO7 drives the data line to the device, the pattern 
transmitted to the storage unit is 10101010. This pattern is repeated two more times. 
When the fourth DXPRE occurs, the input to DO2 is made true and the input to DO1 
made false. This will cause the synchronization pattern to be set into the register. The last 
preamble byte pattern to the device will be 10101100, the last four bits being the sync 
pattern. 


As the last bit of the sync pattern is being transmitted to the storage unit, the term DXK 
goes true and, on the next clock, the first data byte is transferred from the K-register to 
the D-register. At each bit seven time during the data record, a new byte is strobed into 
the D-register from the K-register and shifted out to the device. 


At bit seven time of byte 1024 (byte 0 of POST), the term DXP goes true and, on the | 


next clock, the contents of the parity (P) register are transferred into the D-register and 
shifted out to the device. | 


b. Read. During a read operation, as soon as RWE is set and REND sent to the storage 
unit, data from the device will be strobed into DAR by the read data strobe. From DAR, 
the data will be shifted right to DOO and through the data register. During the preamble, 


the search is made for the sync pattern. Detection of the sync pattern will cause signal 
PSPR to go true. 
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Figure 4-8. Preamble Timing 
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4-48 ( cont'd ) 


PSPR will generate BXO and cause the B-counter to be set to 664. The setting of the 
‘B-counter starts the data record. : coe 


As data is read from the storage unit, it is strobed into DAR then right shifted through 
the D-register. At each bit seven time (BIT7RWE) the data in DAR through DO6 will be 
transferred to the J-register for storage in the FAM. The last JXD transfer wil! occur at bit 
seven time of byte 1023. The data parity byte will not be transferred to the FAM. 


c. Checkwrite. The execution of a checkwrite order will operate similar to the read order 
until the time the sync pattern is detected. When PSPR goes true, transfer term DXK is 
raised and a data byte is transferred from the K-register to the D-register. For the 
remainder of the data record, bytes will be transferred from the K- register to the , 
D-register every BIT7RWE until the end of the record. | 
As the data is right shifted in the data register, NDO7 is OR gated exclusively with DAR, 
the data read from the storage unit. The data for a checkwrite operation was inverted by. 
the checkwrite inversion logic before it was stored in the FAM. Therefore, any Gy 
comparison of data between DAR and DO7 during a checkwrite operation is an error. If 
an error is detected, the CER flip-flop is set and transmission error is reported during the® 
order-in cycle (see paragraphs 4-56 and 4-60). 


4-49 Parity Register 


The parity register, or P-register, operates in conjunction with the data register. Parity is generated for all 
data transferred between the D-register and the storage unit during the execution of read or write orders. 
Parity is generated bit-by-bit so that each bit position in the parity byte contains the parity bit for the 
corresponding bit position in all data bytes. 


When a write order is being executed, the P-register is preset to all ones by PX1, which is true while 
preamble state flip-flop PRE is set. As the data bits are shifted out of DQ7 to the storage unit, they are 
also OR gated exclusively with the output of PQ7. The result is strobed into POO as the contents of the 
P-register are shifted to the right. As each data bit is transferred to the device, parity is generated for the 
bit position. 


With the setting of POST, further data transfers are halted and, at the next BIT7RWE time, the contents 
of the P-register are transferred to the D-register and shifted out to the storage unit. & 


When a read order is being executed, the P-register is preset to all ones. As the data ts read from the 
storage unit into DAR, the output of DAR is OR gated exclusively with PO7 and the result strobed into 
P00. The contents of the P-register are shifted to the right and the next data bit is OR gated exclusively 
with PO7 to generate the next parity bit. This continues with all data bytes until the setting of POST 
signals the end of the data record. At this time, the parity generated during the read operation should be 
the same as that recorded during the write operation. 


The parity byte is read from the storage unit into DAR. The output of DAR is OR gated exclusively with 
PO7. Any difference between the read generated parity byte and the parity byte from the device will 
Cause parity error flip-flop PER to be set. 
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4-49 ( cont'd ) - 

During a checkwrite operation, parity generation or checking do not occur. During testmode 2 read or 
checkwrite, the preamble sync pattern is loaded into the parity register and shifted through, appearing as 
data to the controller at P07. After the controller recognizes the sync pattern, the contents of the 
B-counter are transferred through PXB into the P-register. This is then shifted out to the controller to 
simulate data from the storage unit. 


4-50 Sector Register/Counter 


The S-register, which consists of flip-flops SECO through SEC3, stores the address of the sector at which 
a read, write, or checkwrite operation will begin. During the execution of a seek order, the S-register is 
first cleared by E-input term, TSRST. This will be true as the first seek byte is being transferred from the 
1OP to the controller. The S-register will be loaded under control of the seek/sense byte counter (see 
paragraph 4-46). The transfer term is LSB2 and the data enters the flip-flops through the M-inputs. 


The S-register is connected as a ripple counter in the three least significant bits. The most significant bit 
flip-flop is gated and clocked. The clock term for ripple counter and the MSB flip-flop is NRWE. With 
the setting of RWE at the beginning of a new sector, the sector counter is incremented. When the count 
reaches 15, the counter recycles to zero. 


Note that RWE cannot be set unless SECOMP is true. SECOMP will be true when the sector address 


returned from the device over the /ANO/ through /AN3/ lines is the same as the address contained in the — 


register. This ensures that the addressed sector is now under the read/write head. The ae of RWE 
increments the S-register in preparation for the next sector. 


The complement of the least significant bit of the sector address (NSEC3) is continuously transmitted to 
the selection unit. The signal is sent out over the /IDS/ line, and is returned to the controller during seek 
and seek verification operations to prevent a sector compare (SECOMP) signal from being generated. 


4-51 Track Register/Counter 


The T-register, which consists of flip-flops TRKO through TRK8, and TRKOVF, stores the address of the 
track from which data will be read or onto which data will be written. During the execution of a seek 
order, the T-register is first cleared by the E-input term, TSRST. This will be true as the first seek byte is 
being transferred from the IOP to the controller. The T-register will be loaded under control of the 
seek/sense byte counter (see paragraph 4-46). The four least significant track bits will be transferred by 
LSB2. The remainder of the track address bits will be transferred by LSB1. Note that TRKOVF will be 
set if any of the three most significant bits of the first seek byte contains a one, indicating an 
out-of-limits track address. 


The T-register is connected as a ripple counter and will be incremented each time the sector register 
cycles back to zero. If the track address is incremented out of limits, TRKOVF will be set. 


The track overflow flip-flop (TRKOVF), when set, indicates that the track register contains an address 


greater than the last available track. TRKOVF will set sector unavailable (SUN) and cause the controller 


to terminate with an unusual end (UNE). For storage units with a file capacity of less than 512 tracks, 
the track register is decoded at the input to SUN to guard against incorrect addressing. 
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4-51 ( cont'd ) . ay 
During maintenance panel operations in the REPEAT mode, the track register is inhibited against 
incrementing beyond the highest available track. For sing!e-track (SGLTRK) operations, the clock to the 
track register is held high, causing the track register to remain at the desired address. A MANUAL 
RESET will clear the track register. 


4-52 Storage Unit Address Register 


The U-register, which consists of flip-flops UO through U2, stores the address of the storage unit to be 
used for input/output operations. Inputs from the storage unit address drivers are clocked into the 
register during PHFSL of an SIO, TIO, or TDV when the controller is not busy (NDCBUSY). The clock 
will occur 110 nanoseconds after the subcontroller timing has been started in PHFSL. 
| 

The storage unit address drivers receive data from the maintenance panel or the |OP data lines. When the 
controller is not in the maintenance mode, /DA5/ through /DA7/ are gated to the register and strobed in 
as described above. The address is also latched into the address drivers during PHFSL and the outputs 
from the drivers drive lines /IDO/ through /1D3/ to the storage unit. When the address contained in the 
Storage unit address register is the same as that in the storage unit address drivers, the device selected 
term (DVSEL) goes true. When the controller becomes busy (DCBUSY), the device selected term 
generates DVBUSY. 


4-53 Error Circuits 


The error circuits of the controller consist of flip-flops, buffered latches, and associated logic elements. 
These flip-flops, latches, and the signals controlled by them provide information to the IOP concerning 
error conditions that occur during execution of orders or as a result of power failure or programming 
errors. Error signals are provided during order-in service cycles of an input/output operation. Program 
response to these error conditions may cause data to be provided by execution of additional commands 
(TDV, AIO, TiO, HIO, or SiO). Error logic circuits are described in paragraphs 4-54 through 4-63. 


4-54 Sector Unavailable Logic 


Sector unavailable flip-flop SUN may be set in the preamble time interval during which PRE is set and 
RWE is reset. This interval precedes the incrementing of the sector and track addresses (see paragraph 
4-31). Therefore, SUN is set if a sector address stored in the S-register or a track address stored in the 
T-register represents an address which does not exist in the storage unit. The capacity of the storage unit 
is indicated by the type. Type identification is returned from the selected device over the /TYPO/ and@ 
[TYP 1/ lines. 


During execution of a seek order, if the most significant bit of the new track address stored in the 
T-register (TRKOVF) is true, SUN is set through its M-input during the terminal order of the data service 
cycle. SUN willalso be set when the disk drive indicates an address out of limits (LOGADDRINT) or 
when a RESTORE has been generated by the selection unit. 


Track overflow (TRKOVF) may also be true when the track address is incremented out of limits during 
successive read or write operations. This will cause SUN to be set during the next preamble time interval 
(during which PRE is set end RWE is reset), or during a terminal order of a data service cycle for a sense 


order. 
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4-54 ( cont'd ) 
Once SUN is set, it can be reset only by signal CLEAR. 


4-55 Rate Error Logic 


During execution of a write order or a checkwrite order, data from the IOP must be provided in time for 
a transfer from the K-register to the D-register at the rate determined by read/write clock RWCK. During 
execution of a read order, data must be accepted by the IOP before the FAM is filled, so additional data 
can be stored in the FAM at the rate established by read/write clock PWCK. Rate error flip-flop RER is 
set if either kind of rate error is detected. 


During execution of a read order, data is transferred from the D-register to the J-register at BIT7RWE. If 
the J-register is still full (JFULL/DLYD) at BIT6RWE and the IOP has not signaled count done (CDN), 
the rate error flip-flop is set through its M-input. 


During execution of a write order or a checkwrite order, a rate error is detected if the K- register does not 
have data available for transfer (NKFULL) to the D-register during: 


a. Preamble sync pattern time (PSPB+PSPR) 
b. Bit seven time of the data record (NPRE-NPOST- -BIT7RWE) 


Once RER is set, it can be reset only by signal CLEAR. 
4-56 Checkwrite Error Logic 


Checkwrite error flip-flop CER may be set through its M-input if a sector pulse or index pulse is received 
when RWE is set. This condition would occur if data strobes were missing during execution of a read 
order or checkwrite order. In this case, the B-counter value would be incorrect. 


CER is set during execution cf a checkwrite order if the data bits read from the storage file through 


flip-flop DAR do not match the data bits in the D-register read from DO7 (as described in paragraph 
4-48), : 


Once CER is set, it can be reset only by signal CLEAR. 


4-57 Parity Error Logic 

SP ee ee | 
Parity error flip-flop PER can be set only during execution of a read order, and then only while the 
parity byte is being read from the addressed storage unit. The parity byte read from the device is strobed 
into DAR where it is compared with the parity byte generated during the read operation (as described in 
paragraph 4-49). if these two parity bytes do not compare, PER is set. 


Once PER is set, it can be reset only by signal CLEAR. 
4-58 Parity Transmission Error Logic 


Parity transmission error latch (PTE) is set when an error is detected by the parity circuits (as described 
in paragraph 4-30). The data lines from the IOP are monitored during all order-out and data-out 
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transfers. Only when operating on the extended interface, and the |OP does not drive the /PC/ tine, will 
parity checking not occur. se 


Once PTE is set, it can be reset only by signal CLEAR. 

4-59 Preamble Sync Pattern Missed Logic 

During execution of a read order or checkwrite order, a search is conducted for the preamble sync 
pattern (as described in paragraph 4-48). If the preamble sync pattern is not detected, flip-flop PSPM is 
set. The search for the sync pattern will normally terminate with a count of 14 in the B-counter. When 
the pattern is detected, the counter is reset (as described in paragraph 4-47). Should the sync pattern be 
missed, the counter will increment to 15 and at BIT7RWE the PSPM flip-flop will be set. 

Once set, PSPM can be reset only by signal CLEAR. 


4-60 Transmission Error Logic 


The transmission error logic will raise signal TER when any of the following conditions exist: 


a. Rate error detected (RER) " 


b. Checkwrite error detected (CER) 


c. Parity error detected during execution of a READI order. Reported during order-in 
(PER) 


d. Parity error detected during READ! and the buffer is empty 
e. Parity error detected in data received from the [OP (PER) 
f. Preamble sync pattern missed (PSPM) 

4-61 Write Protect Violate Logic 


During execution of a write order, when PRE is set and the addressed device is holding the /TRP/ line 
true (indicating it is write protected), the WPV flip-flop will be set. | 


Once WPV is set, it can be reset only by signal CLEAR. 


4-62 Unusual End Logic 


When an unusual end condition is detected by the controller, it raises signal UNE/M1 when the 
subcontroller returns to phase PHFS and an order is being decoded (ORDENABLE). The raising of this 
signal will cause unusual end latch UNE to be set. Setting UNE will terminate operations (as described in 
paragraph 4-43). 
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The conditions which will raise UNE/M7 are: 


a. !Hegal order decoded (ILO) (see paragraph 4-25) 

b.  IHegal bit used in the order (ORDO, ORD1, ORD2, ORD4) 
c. Device not operational (NDVO:R) 

d. Power failure (PWRMON from the device) 

e. Sector unavailable (SUN) 

f. Transmission error (TER) 

g. Write protect violation (WPV) 


Once UNE is set, it can be reset only by signal CLEAR. 
463 Incorrect Length Logic 


Incorrect length flip-flop (INL) is set for any of three conditions: 


a. The number of data bytes transferred during execution of a read order, write order, or 


checkwrite order is not an integral multiple of 360 (for the medium speed device) or 
1024 (for the extended performance device). 


b. The number of bytes transferred during a seek order is not 2. 
c. The number of bytes transferred during a sense order is not 3. 


Although none of these conditions is necessarily an error, the information that INL was set may be 


required by a program. Therefore, while UNE will not be set, a signal is returned to the [OP over the 
/DA1/ line during an order-in service cycle. 


Count done flip-flop (CDN), which should be set after all data bytes have been transferred following 
execution of any order, controls signals related to setting flip-flop INL. During execution of a seek order 
or a sense order, INL is set during the order-in service cycle if CDN is not set or if the seek/sense byte 
counter has not decremented to zero for a sense or to one for a seek. 


During execution of a read order, INL is set if count done is received from the !OP while there is still 
data in the buffer, as indicated by KFULL or NR: EMPTY. 


During execution of a write order or a checkwrite order, INL is set if count done is received from the 
IOP, the buffer is empty (R:EMPTY-NKFULL/DLYD), and data is to be transferred from the J-register 
to the D-register, as indicated by BIT7RWE-NPOST. 


Flip-flop INL is reset during an order-out service cycle or by the signal CLEAR. 
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464°  _ Device Interface Signals 


Signals exchanged between the controller and any storage unit use a set of transmission lines common to 
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all storage units. These are described briefly below: 


/ANO/ — /AN3/ 


/CLK/ 
IDA1/ 


/DAM/ 


/DAT/ 


/DS/ 


/DVO/ 
/DVT/ 


ADO/ — /1D2/ 


/INSEC3/ Least significant bit of sector address to selection unit: NSEC3. 
/NSUNSET/ Used to set SUN. 
/PWRMON/ Not used. 
/REN/ Not used. 
/SC1/ Track and sector shift clock to storage unit. 
/SC2/ Not used. bad 
/SLN/ Select now line to storage units. 
/SP/ Sector pulse from storage unit. 
/SUN/ Used by MDSU to reset ERRORSENSE. 
/TRK/ Track address to storage unit from DO7. Data shifted into storage unit 
by /SC1/. 
Corporation and/or Rank Xerox, Ltd, wsued in strict | THEORY OF OPERATION | Ei segundo, California G 
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Sector address (angular position) data from the device. Compare with 
address in S-register to enable setting RWE. ! 


2.5 MHz clock to selection unit: CONCLK (2.5). 


| 


Data signal from storage unit. Clocked into DAR flip-flop. | 


! 
‘ 


Manchester encoded data to the storage units. Used by medium speed | 
devices only. 


Data output to the storage unit from DO7. 


Data strobe from selected device. Generates RWCK during read _ 
operations. & | 


Selected device operational signal from storage unit. 
Device test signal from storage unit. 


Device address signals from controller to storage units. 
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/TRP/ Track protect signal from storage unit. Used in check to write protect 
violation. 
(TYPO/, /TYP1/ Storage unit type identification. Used to select internal clock rate and 


to check for unavailable sector and track addresses. 
NWEN/ Write enable signal to storage unit. 
4-65 OFF-LINE OPERATION 


The maintenance panel incorporated in the controller can be used either to monitor operation of the 
controller or to simulate IOP inputs to the controller. In either case, the maintenance panel is connected 
to the controller by the positioning of the on-line switch in the subcontroller and the MAINT/MONITOR 
switch on the maintenance panel. When the maintenance panel is used to monitor operation of the 
controller, indicators on the maintenance panel read selected signals of the controller during on-line 
operation. When the maintenance panel is used to simulate IOP inputs, no storage unit attached to the 
controller is accessible to the 1OP. ; 


4-66 ON-LINE/OFF-LINE CONTROL 


The controller will be connected to, and disconnected from, the !OP in a transient free manner by 
sequencing the connect/disconnect circuit. This circuit is controlled by the term PT18S from switch $1 
on the LT94 module in location 23C. This switch will provide a ground (from the cabinet power 
distribution panel) when in the up position (on-line), and an open when in the down position (off-line). 


a. Connect. When a ground is provided by switch $1 (PT 18S low), the relay driver on the 
AT83 module in location 26C supplies a ground path for the relays on the module. 


1. Approximately 4.5 miliiseconds after the ground is applied, term NINI will be 
grounded. 


2. Approximately 0.5 milliseconds later, the term INI will go high and the short circuit 
between /AVI/ and /AVO/ will be removed. 


3. Approximately 120 microseconds later the term INC will go high and NINC will go 
low. When terms INI and INC have reached the true state, the controller is 
connected to the IOP interface and the cable driver lines to the [OP will become 
active. 


b. Disconnect. When signal PT18S becomes open, the ground for the relays on the AT83 | 
module is removed. 


| 
1. Approximately 1.6 milliseconds after the ground is removed, INC is groundee and 
NINC goes true. All service calls will be inhibited to the 1OP. 
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2. Approximately 4.2 milliseconds after INC is grounded, the term INI is grounded and 
“ — /AVI/ will be short-circuited to /AVO/. The timing can vary as much as 250 
microseconds. 


3. Approximately 0.5 milliseconds after IN! is grounded, NINI goes true. 


When INI is grounded, the subcontroller is considered disconnected from the IOP by the fact that the 
cable drivers to the !OP have been inhibited. The /AVI/ input is short-circuited to /AVO/ so that the 
subcontrolier is still physically connected to the priority cable without interferring with its operation. 


467 MAINTENANCE PANEL OPERATIONS 


The maintenance panel! will be connected to the controller when the on-line switch (paragraph 4-66) is 
placed in the down position and the MAINT/MONITOR switch is in the MAINT position. 


The maintenance panel can be used to monitor on-line operations when the MAINT/MONITOR switch is 
placed in the MONITOR position with the controller connected to the IOP (as described in paragraph 
4-66). Placing the switch in the MAINT position with the controller on-line will not affect the 
operations. The MAINT position will be effective only when the controller is disconnected from the !O 
(as described in paragraph 4-66). 


Paragraph 2-4 describes the various switches, pushbuttons, and indicators on the maintenance panel. The 
SIO/HIO switch is used to select an SIO or HIO simulation of the 1OP. The FS pushbutton will simulate 
the function strobe from the IOP. 


The gating structure of the order register in the subcontroller allows for the insertion of an order from. 
the maintenance panel during an order-out service cycle. The PHASESTEP flip-flop in the subcontroller 
may be clocked by a pulse generated from the maintenance panel STEP switch to allow single stepping 
through the subcontroller phases. 


A complete description of the maintenance panel operation is contained in section I! of the Field 
Engineering Maintenance Manual. 


4.68 | MULTIPLE DRIVE SELECTION UNIT (MDSU) 7. 


In the following description of operation of the multiple drive selection unit, reference will be made (b 
sheet number) to the logic diagrams, drawing 203329, for that unit. Interface lines between the selection 
unit and the device are normally high. They are driven low for a desired signal transfer. 


4-69 UNIT SELECTION (Sheet 2) 


Three device address bits are received from the controller over lines /IDO/ through /ID2/. The three 
identification bits and their complements are used to decode eight specific addresses, DEV1C through 
DEV4C and DEVIF through DEV4F. These addresses identify each of the four cartridge disk drives and 
the particular disk within each drive. 
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The eight identification signals are sent to the address select switches where each may be selected or 
rejected as required by the system configuration. Note that only one of the signals may be true at any 
time. 


The outputs from the address switches become set inputs to the select flip-flops. The least significant 
device address bit, 1ID2R, is used to set the DISKSEL flip-flop. All the select flip-flops are clocked by 
SLNR, which is driven low by the controller during an S1O operation indicating “select now”. 


One of the SELECTx flip-flops will be set to select one of four cartridge disk drives. When DISKSEL is 
set, the fixed disk within the drive is selected (possible only with the model 7252 cartridge disk drive). 


Note that all even-numbered device addresses from the controller will select the cartridge disk. All 
odd-numbered device addresses from the contro!ler will select the fixed disk. In effect, the LSB of the 
device address selects the disk while the two most sicnificant bits select the drive. 


The unit selection, drive and disk, will be displayed on the indicator module, O1A (see paragraph 4-78).-. 
The select flip-flops ere erased during a power-up by the term eh ae which is true for | 


2pproximately 50 microseconds. ! 


4-70 TRACK ADDRESSING (Sheet 2) | 


A nine-bit track address is transmitted serially from the controller to the selection unit during the first 
nine bit times of a sector. (See timing chart sheet 59, drawing 204492, logic diagram, Cartridge Disl« 
Drive Controller.) The track address is received on the /TRK/ line and is clocked into the shift register, 
TRK2 through TRK9 and HDSEL, by the clock SC1R. 


The LSB of the received track address will be in HDSEL and is used to select the upper or lower 
surface read/write head. When HDSEL is fakz, the upner head is selected; when true, the lower head is 


selected. Even-numbered track addresses wiil select the upper head and odd-numbered track addresses 
will seloct the lower head. 


The eight most significant bits of the track address will be transferred in parallel to the selected drive to 
become the cylinder address. The transfar is made by the term NSTROBE supplied to the disk drive. The 
head select term is not strobed into the disk drive but is held constant to continuously select the head. 


The track register and the head select flip-flcp will be reset by a RESTORE order (see paragraph 4-74). 

Note that in the input gating to the track register and the head select flip-flop, the term STROBECLK | i 
must be true in order to transfer in the track address from the controller. This term will be true for six 
microseconds after the trailing edge of the sector pulse. This is ample time to shift in the nine bits 

(3.6 microseconds). The other input, TRKOUT-1, is used during seek verification as described in 
paragraph 4-77, | | 


The clock term SC1R has three sources, each operational at a different time: 


a. The line receiver for SC1 from the controller will be used during the transfer of the track 
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- b. The read clock from the disk drive, RDCLK, will be used while RDPREP is true during 
“cylinder reading. Be 


c. The write data clock from the selection unit write circuits, GWRCLK, will be used while 
WRPREP is true during initialization of a pack. 


The quiescent condition of SC1R is true; therefore, the register will be clocked on the leading edge of 
any clock pulse when the SC1R line is driven false. Note that the signal NCLKNINE is also normally 
true, and is driven during WRPREP or RDPREP, when the cylinder address is being written on or read 
from the disk. 


471 SECTOR MARK (Sheet 4) 


Two sector marks from the disk drive are used to generate the sector mark to initiate an operation within 
the controller and selection unit. The mechanical sector mark is used only during pack initialization. The 
electrical sector mark is used for every other operation. 


The mechanical sector mark is received over the /NSECTORREC/ line. This line supplies one 3 
40-microsecond, 0 voit pulse for each of the sector slots as they pass by the transducer. e 


The electrical sector mark, written on the data track during pack initialization, is a series of 64 data ones 
(four bytes), starting 25.6 microseconds after the trailing edge of the mechanical sector mark. 


The sector mark is a 2.5-microsecond pulse (SECTOR) from a one-shot, triggered when SECTORTRIG is 
driven false. When the pack is being initialized, INITNC is true; when NSECTORREC goes true at the 
trailing edge of the mechanical sector pulse, SECTCRTRIG is driven false. In normal operation, INITNC @ 
is false and INITNO is true and the mechanical sector mark will not trigger the one-shot. 


In normal operation, SECTOR will be triggered when flip-flop SECTORRECFF is reset. The flip-flop is 
marked by the mechanical sector mark if the disk drive is ready to seek, read, or write, as indicated by 
NREADYSRW being low. The flip-flop is erased by SECTORRECE, which wiil be true when four 
consecutive data ones have been read from the disk pack. 


The four-stage shift register, SP1 through SP4, is reset by the term which marked the sector recognition 
flip-flop, SECTORRECFF. Four consecutive data ones wiil load the register and generate the erase term 
for the flip-flop. This should occur 27.2 microseconds after the mechanical sector mark. SECTOR ; 

2.5 microseconds in duration. Therefore, controller sector timing, which begins with the trailing edge hd 
the sector mark, wil! begin 29.7 microseconds after the trailing edge of the mechanical! sector mark. 


Note that the sector mark delivered to the controller, SPD, will be disabled by NLOCKOUTB1 being 
false. This condition will occur during pack initialization when WRCYL is true (see paragraph 4-76) or 
during a seek and cylinder verification operation when LOCKOUTB1 is true (see paragraph 4-77). 


With the fall of SECTOR, the SECDLYD one-shot is triggered. This signal is used to generate 
STROBECLK which must remain true for the duration of the track address transfer from the controller 
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to the selection unit as described in paragraph 4-70. When the 6-microsecond SECDLYD pulse falls, 
STROBE is triggered. The 1.5-microsecond pulse is used to strobe the track address into the disk drive 
and to reset the header error flip-flops (see paragraph 4-74). 


The three one-shots in the sector mark circuit are individually adjustable and should be set to the 
specified duration in order to maintain the critical meg relationships. This is especially true of 
SECDLYD. 


4-72 READ DECODING (Sheet 6) 


The read decoding timing diagram (figure 4-9) shows the complete decoding operation of the selection 
unit. Received from the disk drive are the signals NREADCLOCK and NREADDATA. These signals are 
inverted to provide RDCLK and DATADETM. Pulses on these two lines are nominally 100 nanoseconds 
in width. The clock pulses occur every 400 nanoseconds, marking the bit, or cell, time. Data ones are 
pulses within cells. | 


The presence of a data one will mark the DATADET flip-flop. Two hundred nanoseconds later RDCLK 
will reset DATADET and mark DATAR. The set time for DATADET is 200 nanoseconds while DATAR 
will be set for a full bit time, 400 nanoseconds. Consecutive ones will leave DATAR set. 


The clock received from the disk is nominally 100 nanoseconds in width, but the tolerance is 
50 nanoseconds. To provide a more stable pulse width, the read clock triggers a one-shot whose output is 
120 nanoseconds. This one-shot is adjustable and must be set to the specified time. 


4-73 WRITE ENCODING (Sheet 6) 


The write circuits will be enabled oniy at the time that either the write enable signal WEN is being 
received from the controller, or when the write cylinder flip-flop WRCYL is set during pack 
initialization. When the write circuits are enabled, NWRGATE will be low to the disk drives. At all other 
times, NREADGATE will be low. 


Data to be written will be write data from the controller (DAT), cylinder address (TRKOUT1), or the 
electrical sector mark (ONEWRT). The data encoding timing diagram (figure 4-10) shows the complete 
encoding operation of the selection unit. Data to be written, ORDAT, will be clocked into the data 
flip-flop DATFF. 


The 2.5 MHz controller clock is used to transfer data into DATFF. The clock is also used to synchronize 
the 5.0 MHz oscillator on the AT41 module in location 21A. Note the phase relationship of the 5.0 MHz 
clock and the 2.5 MHz clock: the trailing edge of the 5.0 MHz clock occurs at the same time as the 
leading or trailing edge of the 2.5 MHz clock. 


The two clocks are gated together to generate GWRCLK, a continuous stream of 100-nanosecond pulses 
spaced 400 nanoseconds apart. The output of DATAFF will gate CLK(5.0) pulses to generate DATAW. 
Two clocks will be gated for each data one, one of these pulses being coincident with GWRCLK. The 
combined clock and data signal WOCLK will be transmitted to the disk drive over the NWDCLK line. 
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Figure 4-9. Read Timing 


Title 


THEORY OF OPERATION 
CARTRIDGE DISK 
CONTROLLER 


EISEE TED, | SERAEONE! (LAE | eee ORPHAN 


XEROX 


Xerox Corporatian 
701 South Aviation Bouleva 


Mies a4: 


Viareta 
XERCA 


_Xerox Corporation 
El Segundo, California 


204262 
Sheet 82 ot 


ORDAT 


—~| }~— 400 NS 


Sere: NE eee ve) (Oe es 


DATFF 


ostnnicl * Ksrshaedk Ueno twee 


DATAW 
GWRCK 


WDCLK 


‘se drawings and specifications, and the data con- 
ied therein, are the exclusive property of Xerox 
poration and/or Rank Xerox, Ltd. issued in strict 
confidence and shall not, without the prior written 
mnussion of Xerox Corporation or Hunk Xerox, 
d., be reproduced, copied or used for any purpose 
whatsoever, except the manufacture of articles for 
Xerox Corporation of Rank Xerox, Ltd. 


Figure 4-10. Write Timing 
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4-74 SEEK OPERATION (Sheets 2, 3, and 4) 

Each time the controller receives a sector mark {when the controller is busy, except during data out of 
the seek order), it will transfer the track address into the track register of the selection unit. This address 
will be strobed into the selected disk drive shortly after it is received by the selection unit. When the new 
address is the same as the old address, no seek occurs. When the new address is not the same as the old 
address, the disk drive will perform a seek operation. 


When the disk drive performs a seek, signal NREADYSRW goes high. This marks the flip-flop LOCKOUT 
which in turn marks SELLOCK (see sheet 4). SELLOCK is used to generate LOCKOUTB1 (sheet 2) 
which drives NLOCKOUTB1 false. This disables the gating of the sector address, received from the disk 
drive, to the controller. The complement of the LSB of sector address in the controller is enabled back to 
the controller. This prevents a sector compare in the controller for sector 0000. NLOCKOUTB1 also 
prevents sector pulses from being transferred to the controller. 


When the seek had been completed and the disk drive is ready for another seek, read, or write operation, 
NREADYSRW goes low, removing the mark to LOCKOUT and enabling LOCKOUTENB. The next 
sector mark will clock LOCKOUT reset (see figure 4-11). 


SELLOCK and NLOCKOUT will mark the verification flip-flop VERIFYFF (sheet 3). VERIFYFF 
enables the set input to HDRER1 and also generates LOCKOUTB1. While VERIFYFF is set, a 
comparison is made between the cylinder address in TRK2 through TRK9Q with the address recorded on 
the disk. This will occur when RDPREP is set, as described in paragraph 4-77. | 


As the cylinder address is read from the disk, the address in the selection unit is shifted through 
TRK9I and TRKOUT. TRKOUT provides the additional delay to match the sync bit read from the disk. 
The two addresses are exclusive OR gated to generate ORERR should the data not match. An error will 
cause the flip-flop HDRER1 to be set. TRKOUT1 is also shifted back into the track register to save the 
address. 


The next sector mark will clock SELLOCK reset. This removes the mark input term to VERIFYFF but 
that flip-flop remains set. The strobe which follows the sector mark will erase HDRER1 if it had been 
set. Resetting HDRER1 will clock HDRERHOLD, saving the result of the first cylinder address check. 
Another comparison is made between the address in the selection unit and the address from the disk. hee 


If the second check is in error, HDRER1 will be set. If the two successive checks did not compare@> 
RESTHDR is generated and RESTORE is marked. A restore order is sent to the disk drive over 
NRESTORE. The disk drive will raise NREADYSRW and the cylinder address will be checked when 
NREADYSRW returns to a low. RESTORE clears the track address register (sheet 3) so that the stored 
address will match that received from the disk drive. 


If either of the two address comparisons is satisfactory, RESTORE will not be marked and the following 
sector mark will erase VERIFYFF. With VERIFYFF reset, LOCKOUTB1 will be false and the sector 
address from the disk drive and sector pulses are enabled to the controller. Note that sector pulses to the 

controller are inhibited during the seek operation and for the first two sectors following the completion 
of the seek. 
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Figure 4-11 shows the timing relationships for a seek and cylinder verification. The chart is divided into 


six example periods. 
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4-75 PSEUDO-SECTOR COUNTER (Sheet 5) 


The pseudo-sector counter is a twelve-bit ripple counter which counts bit times (400-nanosecond 
increments). The counter is reset and held to zero during a device select (NSLN is true), a seek operation 
(LOCKOUT), a write operation (WENR), and a sector mark (SECTOR1). The counter is used during disk 
cartridge initialization to locate the cylinder address in the intersector gap and the electrical sector mark 
behind the mechanical sector mark. It is used during seek verification to locate the cylinder address. 


Associated witn the pseuda-sector counter is a four-stage counter used to count nine pulses. This counter 
is clocked by NCLKNINE, gated read or write clocks (see paragraph 4-70). 


The two counters work together to locate the cylinder address for writing or reading. The pseudo-sector 
counter enablzs either WRPREP or ROPREP which in turn enable NCLICNINE. Nine clock pulses are € 
counted and WRPREP or RDPREP is reset. 


4-76 WRITE CYLINDER ADCRESS 


During pack initialization, the INITIALIZE switch is in the one position. This places a true into the set 
fyaag input of WARCYL (sheet 6). Following the sector mark, the controller transfers a track address into the 
track register (sea parcsraph 4-70). A normal controller data write operation takes place with the 
controller hoiding WENR hish until tha end of the data record. When WENR goes false, WRCYL is 
clocked to the s¢t state. This enables the write data clock GWRCLK. Removing WENR also permits the 
pseudo-sector counter ta count. io eo LCATP 
4A4S9ThS gate T200 is enabled 204.8 microssconds after the counter starts. The next clock pulse will clock 
/+ASEWRPREP sat. This enables CLIKNINE (sheet 3) resulting in clock pulses for the nine counter and 
generating SCiR for the trac, ‘registor and TRKOUT. The track address is shifted out of the track 
register througn TR9 ond TRIS OUT. Note that TRKOUT1 is enabled at the same time as the clock, and 
- that TRKOUN1 is returned to ‘the track register, thereby saving the contents of the track register. 
LbA GF Aas : oD ASALD OgAT 
TRKOUT1 is one of tHe’ “hice inputs that generate ORDAT for the write circuits and the address is 
written onto the disk pack 2s cylinder address. Note that TRKOUT was marked by STROBECLK. The 
first bit written will always be a one, followed by eight bits of address from the track register. This 
leading one is uscd by RDPREP, as d. ascribed in paragraph 4- ne 


olA ds One? soAod 


After the cylindér address had been transferred, the nine counter\generates NINE which erases WRPREP. 
This inhibits any further clocks to the track register and to the nine counter. A count of nine will remain 
in the counter until the next sector mark, holding WRPREP and TRKOUT erased. 


The sector mark following the cylinder address write operation will reset the pseudo-sector counter and 
the nine counter. It will also clock ONEWRTS set (SECTORREC-WRCYL). When FFO128 sets, 
25.6 microseconds after the sector mar purer is set (sheet 6). ONEWRT provides a constant data 
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one into the write circuits (ORDAT). A series of data ones will be written until! ONEWRT is erased by 
FFOO64, 12.8 microseconds after FF0128. Four bytes of data ones at the start of a sector is the 

i k. Poe eS 

oer Ot. aie 
At time 409.6 following the mechanical sector mark, FF2048 is set and WRCYL will be erased. This 
enables the next sector pulse to be sent to the controller. The sector counter within the controller was 
incremented when WENR was raised and now contains the next sector address. When a sector compare 
occurs, a write Operation begins and WENR is raised. When WENR drops at the end of the data record, 
another cylinder address and sector mark writing operation begins. 


Sixteen revolutions of the disk pack are required to write cylinder addresses and electrical sector marks 
in every sector of one track address. When the track address is incremented, the other read/write head is 
selected. Every other incremented track address will result in a seek operation. In order to prevent 
erroneously setting the header error flip-flops and thereby generating a restore order, the VERIFY switch 
must be in the zero (down) position. This prevents setting RDPREP as described in paragraph 4-77. 
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4.77 READ CYLINDER ADDRESS (Sheet 5) 


Except during pack initialization, the read cylinder address circuits will be enabled by the VERIFY 
switch being in the one position. This input will set ROPREPENA when the pseudo-sector count reaches 
T1350. This will occur 1356.8 microseconds after the counter is enabled following its reset by 
SECTOR1. The read “‘window” will be opened before the cylinder address appears under the read head. 
This allows for any variation in the write or read timing. 


With RDPREPENA set and providing a gating term for RDPREPCLK, the first data one of the cylinder 
address (DATAR) will cause RDPREP to be set. RDPREP enables the clocks to the track register, 
TRKOUT, and the nine counter. When the cylinder address has been read and compared with TRKOUT 
as described in paragraph 4-74, RDPREPENA and RDPREP are erased. 


4-78 STATUS AND ERROR CIRCUITS” 
Three status signals are returned to the controller from the selection unit. They are: 


a. /DVT/, indicating that the device addressed is in the system, as determined by address 
switch position (sheet 2) 


b. /DVO/, indicating that the file is ready, a device select has been made, and both 
INITIALIZE and VERIFY switches are not on at the same time (sheet 7) 


c. /TRP/, indicating that a write protect violation has occured (sheet 7) | 


d. /NSUNSET/, low to indicate that a track address out of limits was received, or a | 
RESTORE was generated by a cylinder address verification error (sheet 7) 


Three error flip-flops (sheet 7) will store error conditions for display on the indicator module, AO1: 


a. LOGADRINTERR, set when the disk drive indicates that track address out of limits was 
received 
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4-78 ( cont'd ) . 
b. SEEKINCERR, set when the disk drive indicates that a seek has not been completed for 
aany reason ie 


c. ADCKERR, set by the selection unit when the address in the track register does not 
compare with that read from the device 


if any of the error flip-flops is set, one of four unit error flip-flops will be set by the addressed unit select 
line. The set error flip-flop will also disable the unit select lines to the indicators. Therefore, if an error 
occurs, the indicator lamps will indicate what error has occurred and in what disk drive unit. Any change 
in unit address will not alter the readout on the indicator module. 


Error condition indications can be cleared only by resetting both the error flip-flop and the unit error 
flip-flop. This can be done with manual RESET switch, module AO2, or with a power-up reset (sheet 2). 


4-79 SECTOR FORMAT AND TIMING (Figure 4-12) 


The sector format is divided into three significant sections: 


a. Data file, as determined by the controller & 
b. Cylinder address 
c. Electrical sector pulse 


The sector format as determined by the controller contains the following parts with byte count and time 
shown: 


a. Gap for track address transfer and sector compare - . .- 10 bytes 32.0 ys 
De, , “Preamble? oo. ee a. cS ie eee tee SE A eS 4 bytes 12.8 us 
c. Datarecord ..... 2. 6 ee ee ew ew ew ew ew es SG60bytes 1152.0 ys 
G.: ‘Partly bye. os ce 6a Bw! SO STS es er ee we ES 1 byte 3.2 us 
Gs. “PGstamiDle: -s-c0 es ws, Sete Se Bs Se we RE SS ee SR 1 byte | 3.2 ys 


376 bytes 1203.2 us 


Between the fall of the sector pulse and the start of sector timing, one bit time (see note ) is used by the 
controller to reset the byte counter and transfer the track address to the data shift register. This® 
additional 400 nanoseconds brings the total time to 1203.6 microseconds for the complete record, from 
the fall of the sector mark to the end of the write or read enable (WEND or REND). 


NOTE 


The time from the trailing edge of the sector pulse until BXO will vary 
from one to two bit times. Two clock pulses are required to set TSE and 
then reset the counter. For this discussion, one bit time is used. 
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4-79 ( cont'd ) 


At 2400 rpm each revolution of the disk takes 25 milliseconds. Each of the 16 sectors takes 


1.5625 milliseconds. The sector pulse sent to the controller and used by the selection unit is 
2.5 microseconds in duration. The sector pulse and data file will require 1206.1‘ys of the sector time. § 
This leaves a gap of 356.4 us in which the cylinder address is positioned. 


When the pack is being initialized, the mechanical sector mark is used to start the timing. NSECTORREC 
will be low for 4G ys. At the trailing edge, SECTOR is triggered to produce the 2.5 us sector. At the 
trailing edge of SECTOR (SPD to the controller), the controller timing starts. The write enable signal 


drops 1203.2 ys later. 


When WENR drops, the selection unit pseudo-sector counter is enabled. At time 204.8, the cylinder 
address is enabled and written onto the disk. This places the cylinder address 1410.9 us into the sector, 
following the trailing edge of the mechanical sector mark. 


With the nine-bit cylinder address using 3.6 us, the gap following the address will be 148.0 us to the 
trailing edge of the next mechanical sector mark, or 150.5 us to the trailing edge of the next sector pulse. 


While the sector pulse is present, the pseudo-sector counter is reset and held at zero. Uhersigr, the 
counter did not reach time 409.6 to reset WRCYL. 


Following the sector pulse, the counter is enabled and the electrical sector pulse is written 25.6 us an 
The 64 bits of the sector mark require 12.8 us. When the counter reaches time 409.6, WRCYL is erased 
and the operation proceeds as described in paragraph 4-14. 


During normal operation, the eiectrical sector mark is used. The sector mark begins 25.6 us after the 


mechanical sector mark. Four bits are required to trigger SECTOR, this taking 1.6 us. Therefore, the 
trailing edge of the electrical sector puise will occur 29.7 ys after the trailing edge of the mechanica! * 


Agra 
« Lean 


sector mark. This effectively places the cylinder address 1381.2 ,s after the electrical sector mirk. This ig “sus 
sufficient time to write data into or read data from the sector. The cylinder address read window is 
Opened at time 1356.8, and the address read when the first data one sets RDPREP as described in 


paragraph 4-77, 


The gap from the data file to cylinder address is 177.6 us and from the cylinder address to sector mark, 
177.7 ys, when the electrical sector mark is being used. 
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1 ORDXDA PHRSATOOOW 
0 FIRSTPHRS PHRSATOOOW 
1 ————P R:K(LOAD)CLK PHRSATOOOW 
ORDXPAR PHRSATOOOW check parity on order 
1——*> ED PHRSATOOOW A\ EDI 
Ll Es PHRSATOOOW \ ES:R 


CHART, PHASE SEQUENCE 
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18285 (9/70) XEROX DATA SYSTEMS 


PHASE SEQUENCE CHART 


~~ ORDER OUT 


OPERATION: 


TIME FUNCTION PERFORMED | SIGNALS INVOLVED [COMMENTS 


__._. =f PARCNTR 
—/—>- DATA 
—f{—-> IN 
—f~-P Wm 11020 
——?P ED 


—_}_—> PHFS 


TSTART(PHRS) 

———> RS:D 
———-> PHRS 
—f/—> PHTO 
—jf/— PHSRV 
——P ES 29009 
——— © RS:D 

START DELAY LINE 

TERMORDER 
—Pcomn e7C70 
———P CCH 
———P ume O72, 
——PCcl «29C7F 
—/— WIDEINIR/1 
—/—> PHFS 
—/-> PHTO 


———— RS:D 

SERVICON 
HIOU 
SIOU 
ED 
ES 
PHRSATOOOW 
DxX2 

1——P DX 


CSL/M1 


, ——— > Fs 
1 ——— > ASB 
1 ——— > NE 


START DELAY LIVE 


0 —~-> PHS 
1 ——A- > PHSRV 29007 
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ORDPAR A, PCL 

ES A (SUSE . NCDN) 
ES A NORD7 

ES A ORD7 

ES) 

ES » 


NDATA 
NES 29¢42 


ED 29¢05° 
ED 


RSAU 

RSAU 

NMAINT 

TERMORDER A, DAL:R 
TERMORDER A DA2:R 
TERMORDER /\ DA3:R 
TERMORDER /\ DAO:R 


ES (A WIDEN (A NSECEND 


ES 


SEEK A NSBY20SBY3 V 
TESTORD VY SCR 
FS:R 


ASC:R A FSU A ASCM 
ORDENABLE /\ UNE/ML 


-ASCB 


ASCB A CSL 
ASCB A CSL 


Clock Parity Counter 


Count Done 
Command Chaining 
IOP HALT 
Interrupt 


| CHART, PHASE SEQUENCE 


18338 8 | 183293 Pa 


PHASE SEQUENCE CHART 


TIME FUNCTION PERFORMED 


send FSL:D 
_L ——® SERVICON 25 C98 


1 ———— PHRS LIC ¥ 


1 ———pm (DH) 2 
9c 40 
TSTART (PHRS) 


1 —A-> wrperitr/2 
JX0 
1 -———? RS:D 
IXCA 
IXNCA 
l1— PP SKULL O17 C4 


1 a R: SWRITE 


0 ———P SEC3 ~ TRKOVF 


0—————> T™1, IM2, MB, 
TDVST1, TDVST2, 
TD/ST3 


CA00=-07 ——— > T™1, 12 »MB, : 
TDYSTl, TDVST2, 
TD/ST3 


———P PHRSA - 


—/—> PHTO 
—/—> PHS 


——P PHRS 
——P RS:D 
START DELAY LINE 
CAXO = CBXO, CCXO, CDXO 


1 -———P PHRSATOOOW 
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ASCB 
NF SU 


TCYCLE A ‘NPHRSA A SERVICON 


FIRSTPHRS A DATA A WIDEINTR/1 
TESTORD VY SKS Y WCHW A 
NIFULL/DLYD. 

FIRSTPHRS A WIDEINTR/1 
DATAOUT 

NES 

DATAOUT A NCHW 

DATA A CHW 

JXCA Y JXNCA A NFIRST?PHRS 
SFULL A (M/R:SWRITE) A NR:KO A 


R:TCYCLE A NR: TSTART 


FaM TIMING 


SBY2 A R:TO60 = LSBL 


SBY3 A R:TO60 = LSB2 


R:T110 ——>0 ———> SFULL 


FIRSTOHRS 7S 24 y 


JXCA A TESTORD 


. DATAOUT 


delay line is not started 
in PHSRY 


wide interface 


clear J register 


transfer CA to J 


transfer false side 
of CA to J (Checkwrite) 


Start FAM write cycle 


Load seek Byte 1 into 
track register 


Lead seek Byte 2 into 
track 6 sector reyister, 


Clear sector and 
track registers for 
seek on first time 
PHRS is entered. 


Clear test mode 
F.F, if test order 


select test mode 
F.F. if test order, 


terminal order required 
no terminal order 


required 


Clear input registers 


Tir 3 


CHART, PHASE SEQUENCE 


18338) B| = 293 


PHASE SEQUENCE CHART 


FUNCTION PERFORMED 


PHRSA | PHRSATOOOW CONTINUED 
1 ——® stor V ?4ce? 
CAX(IOP) 

CAX (MAINT) 


0 ——-?> FIRSTPHRS 
T100 0 ———P PHRSA 
1 ———®» purs 


PHTO 1—-—P Es 
1-———P ED 20086 
0 ———— > RS:D 


START DELAY LINE 
1 ——® SUN 


TERMORDER 


T050 1 —/—> WIDEINTR/1 


PHCLK | 1 —7“~-> pHs 
0 PHTO 
0 DATA ee CIS” 
1—-~ Pm 22620 


NOTES: 
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SIGNALS INVOLVED 


PHRSATOOOW A (NES A. NIN) 
PHRSATOOOW A ES:R 
PURSATOOOW A NMAINT 


PHRSATOOOW A MAINT « 


PHRSATOOOW 


NPHRSA 


ES 
RSAU 


RSAU 
SBY20SBY3 A SUNSET 


NMAINT 


ES A WIDEN A NSECEND 


ES 


UNE VY CDN A ES 


UNE V CDN A ES 


ae 


eo" DATAOUT 


transfer data lines 
into C\ reg 


transfer data switch 
settings into CA 


(Maintenance Panel) 


repeat PHRS 


RS:D was raised 
tn PHRS 


set sector univatladle 


Lf conditions exist 


teniinal order sets 
flevs as in Order Out 


PHTO sequence, 


set up vide interface 


operations 


CHART, PHASE SEQUENCE 


18338 8 183293 
Cas 


art Of8fmmg 


PHASE SEQUENCE CHART 


FUNCTION PERFORMED SIGNALS INVOLVEO COMMENTS 


SDNAGM 0G 


PHFS 


PHCLK 


PHSRV 


PHRS 


TOOO 


T1LOO 


fo 


Q ———-&} RS:D 
SERVICON 
HIOU 
SIOU 
ED 


ES 


PHRSATOOOW 


DXx2 
°-———P D4 


CSL/M1 
L1-——?P Fs . 
1 ———p ASCB 


1-1 UNE 


START DELAY LINE 


0 —~- PHS 
1 —_{_—> PHSRV 


send FSL:D 


1 -————> SERVICON 


1 ———» PRS 


l——P (DX2+4) 


DATAINTX 
DAXORD 


TSTART (PHRS) 


1 —A- > WIDEINTR/2 


DAX(DI) 


DBX(DI) , DCX(DI) , DDX(DI) 


1 ———P RS:D 


——— > KFULL 
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OPERATION: 


READ A\ KFULL/DLYD , CSL/DATA/M1 
V SENSE A, NISERWP 


FS:R 
ASC:R A FSU A ASCM 


ORDENABLE A UNE/M1 


ASCB 

ASCB fA CSL 

ASCB A cSsL 

ASCB delay line is not 
started in PHSRV 

NFSU 


TCYCLE A NPHRSA A SERVICON 


“FIRSTPHRS A DATA (\ WIDELNIR/1 


NMAINT A NTEST A NED 
IN A NTEST A NED 2 


SKS V READ A (ED V KFULL/DLYD) 


FIRSTPHRS A WIDEINTR/1 


data transfer to 


NMAINT A. NED A NTIEST 
data lines 


DATAINTX data transfer to 
data lines 
NES 


erase KFULL for 
1 byte interface 


NED A N(EDX2+EDX4) 


MS 3 


CHART, PHASE SEQUENCE 


18338 163293 
Cae 


PHASE SEQUENCE CHART —. 


eo 


TIME FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS 


PHRS CONTINUED 
1 ———> PHRSA 
—~-> PHTO 
0 ——-> PHSRV 


0 ———> PHRS 


START DELAY LINE 


0 -—— > RS:D 


CAXO, CBXO, CCXO, CDXO 
1 ———> PHRSATOOOW 
L TSTOP 
1 ES 
0 ——— > FIRSTPHRS 
E/KFULL 

——-> PHRSA 


———P PHRS 


——n— i ES 
———e ED 
————> RS:D 


START DELAY LINE 


| TERMORDER 


—f/—-& WIDEINTR/1 
—/—> PHFS 


PHTO 


DATA 


—f~-> IN 
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PHRSATOOOW /\ NES 


PHRSATOOOW /\ ES:R 


PHRSATOOOW \ (EDX2+EDX4) 


ES A WIDEN /\ NSECEND 


7 


ES 


UNE V CDN A ES 


uxE V cobN A ES 


clear output registers 


erase KFULL for 
wide interface 


ea Err mre 


terminal order sets 
flags as in Order Out 
PHTO sequence 


CHART, PHASE SEQUENCE 


18338 1838/8] eee 


SCR CC: 


do m0 ata RRO NOt oP acene 6, 


"N 0 GOA 
PHASE SEQUENCE CHART 


CSL/M1 


1 ——® ED:D 


1 ——> CSL 


FSU - 
1 ——> ASCB 
START DELAY LINE 


0 —A» purs 
1 —/-> PHSRY 


1 ——P PHRS 
0 —— BUFFER/EN 
0 ———P ORDENABLE 


send FSL:D 


DAX(OI) 
status ——}> DAy.p-7:D 


TSTART(PHRS) 


1 ——— RS:D 
1 —— > PHRSA 
0 ——P PHRS 
START DELAY LINE — 
0 ———P RS:D 


1———— PHRSATOOOW 


1 ———& ED 
l1-———P ES 


0 ———— PHRSA 
1 ———> PHRS 


1 ——/-» PHFS 
0 ——A® PHSRV 


TSTART (PHRS) 


1 => RS:D 


NOTES: 
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UNE \V FINISH 


CSL/M(OI) 


CSL/Ml A. DCBUSY A TCYCLE 


FS:R 
ASC:R N ASCM A FSU 


ASCB 


ASCB fA, PHYS \ CSL 


TCYCLE A NPHRSA /\ SERVICON 


ASCB A PHSRV 


| NED A NTEST 


DAX(OL) © 


NDATA 


NES 


NED 


-RSAU 


RSAU 


PHRSATOOOW A (ED:R V EDI) 


PHRSATOOOW A ES:R 


NPHRSA A NES 


ES 


ED 
NDATA 


NES 


: ORDER IN 
TIME FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS 


8 


CSL = SC:D 
SERVICE CALL 


delay line is 
not sterted in 
PHSRV 


SERVICE REQUEST 


End Data 


End Service 


TEE 


CHART, PHASE SEQUENCE 


o> ot 


183293 
CN OC CL 


2 @ @ @ @ . 
PHASE SEQUENCE CHART OPERATION: 


FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS 


PHRS CONTINUED _ 


PHCLK - 4 SH» PHTO ED 


[200 0 ——— > PHRS 
PHTO i- > £Es 
0 ——P RS:D RSAV 
START DELAY LINE RSAU 
TOOO TERMORDER NMAINT Terminal order sets flags 
as in order out PHTO 
sequence, 
T050 1 —/—> WIDEINTR/1 ES A WIDEN A NSECEND next operation will 
be on wide interfuce 


(if installed) 


PHCLK 1 —/-> PHFs ES = 


0 PHTO 
0 DATA ORDIN , ES 

0 IN -[ORDIN A ES | 

0 —A~-m ncBusy ‘| ORDIN A (UNE V NccR) see PHFSL TO0O 


of SIO for action 
~ of NDCBUSY 


NOTES: 


HE 


CHART, PHASE SEQUENCE 


18338 8 | 183293. | A. 
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MODULE LOCATION 


28 


27 26 2 
| 


Frso | FT8O| F-80 


5 24 
[ 
£80| F280 IF 726 


ITLL | DTL4 


| 


95 


Install for 2 byte Interface. 


Install for 4 byte Interface. 
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